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I  INTRODUCTION 


A  Object: 


COiNr 


I*  y* 

- 


To  study  the  growth  and  characteristics  of  "UL"  in  order  to 
determine  the  suitability  of  this  organism  as  a  potential  BL  agent  and 
specifically  to  develop  pootective  measures  for  defensive  use. 


B  Authority: 

0 

The  project  v&s  approved  by  the  Chief  of  the  Chemical  Varfare 
Service  20  October  1943  and  the  project  specifications  forwarded  to  the 
Technical  Director,  Camp  Detrick  by  letter  of  transmittal  dated  3  November  1943. 
A  copy  of  the  original  project  specifications  is  included  in  Appendix  1. 

9 Specific  authorization  was  given  by  the  Technical  Staff,  Camp  Dctrick  by 
letter  to  the  Chief,  3  Division,  dated  10  November  1943. 

C  Historical; 

# 

.  .  f  At  a  meeting  in  Dr.  E.B.  Fred's  office  »t  the  National  Acadcny  of 

Sciences  in  \  ashington,  D,C,  on  1  September  1943'^‘/  the  potentialities  of 
"UL"  as  a  BV  agent  were  discussed.  The  meeting  was  attended  by  Dr.  E.B.  Fred; 
Dr.  V.  Mansfield  Clark;  Dr.  I.L.  Baldwin;  Dr.  N.  Paul*Hudson;  Dr.  Gail  K.  Dack; 
Dr.  Cora  M.  Downs;  Dr.  Lee  Foshay;  Dr.  W.  S.  Nungester;  Dr.  Keaneth  Goodner; 

Dr.  Allen  Abnims,  OSS;  Adm.  E.  E.  Dyer,  N.I.H.j  Cmdr,  w.  D.  Fothergill,  USHR; 
Col.  Martin  B.  Chittick,  CVS;  Lt.  Col.  O.C.  IVoolpert,  Cl  ,5;  Lt.  Col.  A.  T. 
Thompson,  CAS;  and  Lt.  Max  Bovarnick,  C‘  S.  A  decision  was  nr.de  to  have 
Dr.  hoshay  carry  on  investigative  work  under  a  VRS  contract  and  as  soon  as  it 
could  be  cleared  to  start  addition.!  studies  at  Camp  Detrick.  The  suggested 
tentative  division  of  work  between  Cincinnati  and  Camp  Detrick  was  for 
Dr.  Foshay  to  study  stability,  storage,  and  length  of  survival  of  "UL" 
under  various  environmental  conditions  with  particular  emphasis  on  conditions 
which  might,  be  expected  to  occur  in  bacterial  warfare  (B.!  .)  Dr.  Foshay 
was  also  requested  to  seek  to  improve  his  vaccine.  The  studies  at  Camp 
Dotrick  wore  to  bo  directed  towar*  accumulation  of  data  concerning  all  other 
phases  of  BL  with  particular  emphasis  on  protective  m.„asur<,s  and  develop¬ 
ment  of  an  effective  vaccine. 

Room  8,  Building  D-4  was  remodeled  during  November  1943  and  in 
December  "UL*  work  was  initiated  with  Lt.  L.  L.  Coricll,  Dr.  C.  M.  Downs  and 
Pvt.  Ruth  Dorion  ail  giving  part  time  to  "UL"  studies  while  assisting  with 
the  "A"  project,  which' was  deemed  very  urgent  at  the  time.  In  January  1944 
Lt.  T.  L.  Snyder  o.i  tne  0  Division  began  studies  on  development  of  a 
suitable  liquid  medium  and  Lt.  G.  B.  Pinchot  joined  the  B  Division  workers. 
Subsequent  expansion  of  the  personnel  and  space  assigned  to  this  project  is 
shown, in  appendix  3.  By  January  1945  sufficient  new  information  had  been 
accumulated  to  indicate  that  "UL"  showed  pruais e  as  a  BL  agent  and  in  order 
to  concentrate  effor^  on  the  few  remaining  problems  the  project  was  moved 
to  more  spacious  quarters  and  the  0  Division  group  was  expanded. 
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In  March  19^4  Dr.  Downs  returned  to  the  University  of  Kansas 
where  she  continued  "UL"  studios  in  close. cooperation  with  the  Camp  Dc trick 
project  under  Contract  #  IM*06waS-43.  W  She  made  freouent  trips 
to  Camp  Detrick  for  consultation  and  spent  a  total  of  7  mentis  out  of  the 
next  19  months  in  the  Camp  Detrick  laboratories.  Correlation  of  the 
Camp  Detrick  and  Kansas  studies  with  Dr.  r’oshay's  unit  was  also  maintained 
by  frequent  consultation  either  at  Camp  Detrick  or  at  Cincinnati. 

D  Status  of  Problem; 


-  “hf  th,_ investigation  of  "UL"  as  817  agent  wat  begun  at  Camp 

Detrick  the  following  laces  v.e re  known:  "Un"  causes  an  infectious, 
septicemic,  plague-like  disease  of  wild  rodents  which  is  uniformly  fata 


mice 


—  - v  fatal  to' 

.  *»  guinea  pigs  and  rabbits  under  experimental  laboratory  conditions.  In 
flc-s*3  and1ticksnSnU’tt3a  ir°U  ani“li  fco  blr  thu  bites  of  flies,  lice, 

Man  is  usually  infected  while  skinning  wild  rabbits,  squirrels 
flvPbHS  °r  robents*  Other  cases  are  traceable  to  wood  tick  or  deer- 

,1  c  *  ,The  incidence  of  infection  in  laboratory  workers  is  very  nearly 
10°  per  cent.  In  man  the  disiase  is  an  acute  febrile  illness  accompanied  * 
by  chilis,  lymphadonopathy,  prostration,  headache,  sweating,  and  sometimes 
a  cutaneous  rash.  Local  ulceration  at  the  point  of  entry,  is  cion  s Ts 
.Iso  bubo  lormtion  in  the  regional  lymph  nodes.  The  acute  stage  lasts 

Th°lnuWtfS\Wh^  convalesce  frequently  takes  2  to  4  months. 

The  mortalit;  is  about  5  per  cent.  Recovered  cases  are  i^une  and  in  most 
yfJs°8G  sP«cifjc  ^iutxnins  -.re  demonstrable  in  the  blood  stream  for  m-ny 
years.  Authoritative  reviews  of  the  clinical. disease  and  modes  0f  7 -'-7?' 

transmission  have  been  published  by  Francis^  anci  Fosh-y^ 

fit#  ■)?>• . 

Vaccination  was  first  carried  cut  by  Foshay  (5)  • 

»aa  a  .usperaion  of  »Ui«  grow  on  solid  aediun  nnd  tr, .at,  d  with  nitrous  “old 
washed ,  neutralized,  and  resuspended  in  0.1*  foraalinizod  snUno-  m.  ' 
vaccine  had  been  given  a  clinical  trial  in  man  wit!  encouraging  results  but 
■  lied  to  protect  tne  highly  susceptible  guinea  pig,  rabbit* or  moused)/ 

Vaccination  in  man  stimulated  production  of  specific  serum 
*.  Wtcr  being  1:320.  tinny  pcrson^cc^  seized 

reactions.  Evaluation  cf  the  oflcacy  'of  u)e  ™cin“n  &  dirtiS 

scriur  >° i;ni*  th°  «"*•»  *»' 

cn.s.  Fosl«v  has  developed  a  new  vaccine  (30)  which  is  essentially  a 

“r  °/ultur=  of  «'“*  e«w  in  r  sinple  geLtino 


Grw“  <*  "UL"  i"  «>c  laboratory  has  presents  considerable^-  ’ 
dl  faculty  in  the  pas..  In  order  to  initiate  growth  on  uost  media.-  rclntiv 

Sn^hln0CM“i"‘',S  nocu3sar'-  «*  PrcS(-nco  Of  cysteine  and  WWich- 
1  3UCh  M  ***■  or  «  .*«»  ■ lso  «cned  nccoss.ar;  .  Tho  usual  Kdi.a  4ro 
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those  described  by  McCoy  and  Chapin^)  and. Francis.  In  x941  Berkinan 

and  Kose/10'  and  in  1942  Tarawa  and  Gibby10'  described  a  liquid  medium 
in  which  "UL"  grew  abundantly.  The  development  of  additional  new  and  simple 
media  seemed  desirable. 

Since  "UE"  did  not  grow  well  unless  inoculated  hesrvily  on  cystine 
.’blood- agar,  plate  counts  wore  not  usually  made  and  it  was  customary  to  match 
'a  suspension  of  organisms  against  a  Fullers earth  turbidity  standard  and 
estimate  the  numbers  of  organisms  by  determin  tion  of  the  mouse  ED^q.  ^ 

On  the  basis  of  clinical  -md  experimental  evidence  available, 

"UL"  was  considered  to  offer  promise  as  a  potential  B"'  agent.  TVjo  of  the 
factors  contributing  to  this  view  were:  (1)  the  high  infectivity  of  the 
organism  as  indicated  bj  the  frequency  of  laboratory  infections,  and (2)  the 
multiplicity  of  portals  of  entry  as  attested  by  known  cases  of  invasion  via 
the  skin  and  conjunctiva  as  well  as  by  th<s#-s^dtinti  stiml  and  respira  ory 
tracts/11^  the  potentialities  of  "UE"  as  a  BV  agent  are  fully  discussed 
in  the  Rosebury  Report,  1942. C1^)  Intelligence  reports  to  the  effect  that 
the  Germans  and  Japanese  were  interested  in  "UL"  as  p  possible  Bv'  weapon 
added  to  ti.e  interest  in  the  development  of  defensive  .measures. 

The  following  criteria  essential  for  a  'good  B’l  agent*  were  laid  dowi 
in  the  report  by  Downs,  B  Division,  October  1943- '  ^  ^  % 

•  "•••.  ’■>;,*(  f  i 

1.  It  must  be  possible  to  cultivate  the  agent,  in  large  quantity  and 


Zt) 


with  relative  ease, 

2.  The  agent  must  bo  highly  infective  by  more  than  one  portal  of 

entry.  • 

3.  The  agent  must  survive  under  conditions  of  dispersion. . 

M.  It  should  be  possible  to  protect  friendly  troops  against  the  agent 
by  biological  means. 

5.  Specific  biological  or  chemotherapeutic  met!  ods  of  treatment  should 
be  available, 

6,  The  agent  should  be  difficult  to  detect. 

A  research  program  was  planned  by  the  "UL"  group  to  answer  the 
questions  implied  in 'the  ' bove  criteria.  'Tie  experiments  herein  reported., 
follow. the  order  suggested. by -these  criteria. 
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'4  Strains  of  .  "UL"  'employed  ir,.  this  study  were  obtained'- from' ' 

Dr.  Leo  Foshay  at  the  University  of  Cincinnati  Medical. School,  from' 

Dr.  C.  M.  Downs  at  the  University  of  Kansas  ,  arid  two  strains  were  ...isolated 
at  Camp  Detrick,  Table  I  shows  the  designation,  year  of  isolation,  pathologi¬ 
cal  source  ant  virulence  of  the  strains  as  determined  here.  "UL"  strains  are 


w.  ■*  i-  ***** 
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usually  designated  by  the  source  of  the  original  isolation  of  the  culture 
and  no  specific  immunological  or  cultural  distinction  is  implied .  Ih  re¬ 
ferring  to  cultures  the  following  abbreviations  were  frequently  used: 

Si-.il  meaning  strain  S,  mouse  passage  1;  S-K14,  strain  S,  mouse  passage  14; 
CY3-30,  strain  C,  yolk  sac  passage  30;  SUE  10,  strain  S,  chick  membrane 
passage  10. 

Cultures  were  routinely  maintained  on  dextrose  cysteine  blood 
agar  (DCBA)  slants  and  transferred  every  three  weeks  with  interval  storage 
in  the  ice-box  at  6°  C.  Some  strains  were  lyophilized  and  stored  dry. 
Virulence  was  maintained  by  mouse  or  rabbit  passage  at  intervals  of  two  to 
three  months. 

The  media  employed  routinely  were  dextrose  cysteine  blood  agar 
(DCBA)  and  Snyder's  liquid  and  Snyder's  solid  medium  (14) 

In  the  early  part  of  the  work  herein  reported,  initial  suspensions 
of  "UL"  were  prepared  from  solid  or  liquid  media  and  standardized  by 
comparison  with  a' Fullers  earth  standard  of  500  parts  per  million  (referred 
to  as  T500  turbidity.  Later  a  Coleman  Spectrophotometer  was  used  for  this 
purpose.  The  arbitrary  standard  suspension  adopted  was  40$  transmission 
at  a  wave  length  of  650  milliaicrons.  This  standard  was  referred  to  as 
T40  and  usually  contained  1  to  2  billion,  viable  organisms  per  ml.  The 
T500  suspension  also  contained  aft  average  of  approximately  1  to  2  billion 
organisms  per  ml  but  replicate  preparations  varied  between  rath  r  wide 
limits. 


Unless  otherwise  designated  the  minimal  lethal  dose  for  mice  was 
determined  by  the  intraperitone.al  injection  of  0.5  ml  of  serial  ten  fold 
dilutions  of  a  24  hour  saline  suspension  having  a  T500  or  T40' turbidity. 

The  mouse  50  per  cent  endpoint  was  expressed  as  LD  determined  by  the 
method  of  Roed  and  kuench.  The  IE  was  expressed  as  the  dilution  of  a 
standard  "UL"  suspension  one  ml  of  which  killed  50  per  cent  of  the  animals. 
In  similar  titrations  on  rats,  hamsters,  dogs,  guinea  pigs,  rabbits,  cotton 
rats,  and  monkeys  an  inoculum  volume  of  1  ml  was  employed. 


Untreated  mice  infected  with  "TJI."  generally  died  within  6  days. 

In  each  experiment  a  representative  number  of  mice  dying  during  this  period 
were  autopsied  and  the  hearts  blood  ane  spleen  cultured  on  DCBA.  All  mice 
dying  after  the  sixth  day  were  autopsied.  ..ice  that  survived  10  days  were 
considered  non-inf ec. tod. 


Til  EAFSTUMELT  I. 


A  Media 

1.  Cultivation  n  Artificial  Media 

None  of  the  media  previously  employed  for  the  cultivation  of  "UL" 
were  entirely  satisfactory  from  the  BU  point  of  view.  The  best  liquid 
medium  available  was  ttv  t  developed  by  Gibby  and  Tamur.a,  vO  using  gelatin 
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Histories  of  Strains  Isolated,  1944-45  Winter 


Camp  Isolated  by  direct  culture  of  pus  aspirated  from  a 

bulbous  primary  lesion  on  finger  tip  of  Mrs.  Campbell, 
patient  of  Lt.  Col.  Thomas  Rankin,  at  Fort  Thomas,  Ky., 
on  December  27,  1944*  by  h.  F.,  on  the  tenth  day  of 
disease. 

/  Carr  Isolated  from  primary  lesion  of  Ancil  Carr,  via  mouse 

•passage,  on  Dec.  3,  1944*  the  8th  day  of  disease. 


-''Coll  Isolated  via  mouse  passage  from  digital  primary  les¬ 

ion  of  Mary  Hollins,  on  Jan.  6,  1945,  approximately  tne 
17th  day  of  disease! 


Dieck 


*  ' 


1 

KScherm 


Isolated  from  pus  from  axillary  lymph  node  excised 
from  Clem  Dieckman,  via  mouse  passage,  on  Dec.  27,  1944* 
the  10th  day  of  disease. 


Isolated  from  pleural  fluid  of  T.  J.  Holton,  Covington 
Ky.,  via  mouse  passage, -on  Dec.  12,  1944*  during  second 
week  of  disease. 


Isolated  from  digital  primary  lesion  of  Carrie  Scherm- 
beck,  via  mouse  passage,  on  Dec.  26,  1944*  the  3rd  day  of 
sdisease. 


»  i 


Strains  of  Lflg  VlrUlSfl££ 


cuism 

Sear  of 
Isolation 

Pathologic 

s aiiiaa — 

Geographic 

SpttSSS - 

Jap 

1926 

Human 
lymph  node 

Japan 

Ohara 

1931 

Unspecified 

Japan 

Russ 

1926 

Lymph  node 

Russia 

Max 

1928 

Lymph  node 

Russia 

HD 

1935 

Human  eye 

Austria 

26 

1921 

Human  blood 

Utah 

Pier 

1938 

Human  blood 

Ohio 

Sears  Since  Last 
teteal  Passage 


19 

u 

17 

17 

10 

24 

1* 


J 


.  » 


•  i 

‘L 
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TABLE  I 

;  "UL"  STRAINS  USED  AT  CARP  DETRICK 
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NIH-38. 

26 

Jap 
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■  .T  Max-;  '-ft-'AR 
.’•  «*•  '&*>.'•'  '  •  '•<. 

..  ,,f  pv:- 


^  A'-!. 
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Ohara 

<» 

•  y  ■  Ri 

VL1 

y"HD 

Fields 

A  JCS»-  Churt^ 

Chris 
/Stoll 
R  DePue 


Year  of 

original 

isolation 

Pathologic 

source 

Geographic 

source 

Isolated 

by. 

Virulence 
Mouse  LD.a 

t  50 

'  1920 

Human  lymph 
node 

Utah 

Francis 

1921 

Human  blood 

Utah 

ji 

10-1.0  ,Jd  M 

1926 

Human  lymph 
node 

Japan 

Foshay^ 

10“4.4 

1927 

Human  ascitic 
fluid 

Arkansas 

Foshay^ 

1928 

Human  lymph 
node 

Russia 

Francis 2 

..  10~2‘° 

r  1928 

Human  lymph 
node 

Russia 

ti¬ 

“lo”1*7 

1931 

Unspecified 

Japan 

ll 

o  • 

« 

i — 1 

i 

o 

t — 1 

1932 

Human  pus 

Virginia 

Francis 

1934 

Human  pus 

Canada 

it 

1935 

Human  eye 

Austria 

Francis*"'*'- 

h-* 

o 

• 

o 

1936 

Human  lung 

Ohio 

Foshay 

1941 

Human  lung 

Ohio 

it  *- 

• 

10-8.6 

1937 

Human  pus 

Ohio 

ii 

••  ■»  .  •••  . 

1937 

Human  blood 

Ohio 

V’  {•;  :  ’*  v 

r  '■  !<  .  r'il\  , 

1938 

Hunan  lymph 
node 

Ohio 

;•  11 

A  id'll  V. 

\  j- .»•  >*’  •••  ■ .  .  v  .*»  ••  * 

U  Obtained  by  Dr.  Foshay  Iron  E.  Francis  who  obtained  the  culture  from 
M.  J.  Kilbury. 

*-*  Isolated  by  Hans  David  >Jho  gave  the  culture  to  Dr.  Francis. 

*-  Isolated  by  R.  H.  Broh-Kahn  from  lung  at  autoposy  at  Jewish  Hospital 
Cincinnati,  Ohio.  /  • 
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TABUS  I  (cont.) 

"UL"  STRAINS  USED  AT  CAMP  DETRICK  (cont.) 


Designation 
of  culture 

Year  of 

original 

isolation 

Pathologic 

source 

Geographic 

source 

Isolated 

by 

Virulence 
Mouse  LD 

50 

Die 

1938 

Human  ulcer 

California 

Francis 

© 

Pier 

1938 

Human  blood 

Ohio 

Foshay 

lO-i.O 

^  Fojc /^L 

• 

1940 

Human  pleural 
fluid 

Ohgo 

Hesselbrock 

^  Hugh 

1940 

Human  ulcer 

Ohio 

Foshay 

u--  Gib 

1941 

Primary  lesion 

M 

I! 

S  or  Schu 

1941 

Human  ulcer 

It 

1! 

10-9.5 

Camp 

1944 

Human  lesion 

Kentucky 

1! 

10-9.5 

i y  Carr 

1944 

Human  lesion 

USA 

ii 

10-9-5 

Dieck 

1944 

Human  lymph 
node 

US  A 

it 

10-9.6 

Holt 

1944 

Human  pleural 
fluid  * 

Kentucky 

H 

lO-iO. 6 

Ince 

1944 

Human  ulcer 

Kansas 

Dov;ns 

10-9.5 

Scherrn 

1944 

Human  lesion 

USA 

Foshay 

10-9.2 

/Coll 

1945 

Human  lesicn 

USA 

!! 

10-8.8 

'/Schad 

1945 

Human  lesion 

Maryland 

Coriell 

/  Clapp 

1945 

Human  sputum 

Maryland 

3 

Schabel^ 

Expressed  as  the  dilution  (of  a  T-40  "UL"  suspension) 


.0.5  m1  of  which  killed  fifty  per  cent  of  the  nice. 

1  Personal  communication  from  Dr.  Foshay. 

2  Obtained  from  Dr.  Foshay  who  received  the  cultures  fron 
Dr.  Edw.  Francis. 

3  Personal  connunication  fron  Lt.  Schabel,  Camp  Detrick. 
Subcultures  of  the  Francis  strains  \ ere  obtained  fron  Dr.  Foshay. 
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TABLE  II  t 

Studies  on  Media 

Liquid,  Tissue  Media. 

1.  Chick  embryonic  extract  in  Tyrode's  solution. 

© 

2.  Chick  embryonic  extract  with  tissue  fragments  in 
Tyrode's  solution. 

3.  Embryonic  chick  blood  in  Tyrode's  solution. 

4.  Chick  embryonic  extract  plus  cystine. 

5.  Embryonic  mouse  brain  in  Simms'  solution. 

6.  Embryonic  mouse  tissue  in  Simms'  solution. 

7.  Serum  ultrafiltrate. 

8.  Serum  ultrafiltrate  plus  embryonic  mouse  tissue. 

9.  Red  blood  cell  extract  (Foshay). 

Solid  Media.  The  following  substances  were  added  to  plain  nutrient  agar. 

1.  Potato  extract,  1  to  10$. 

2.  Carrot  extract,  1  to  10$. 

3.  Brewer's  yeast  extract,  1$. 

4.  Saline  extract  of  Virulent  "UL". 

5.  Liver  extract,  1  to  5$. 

6.  Embryonic  mouse  brain  in  Simms'  solution. 

7.  Embryonic  mouse  tissue  in  Simms'  solution. 

8.  Serum  ultrafiltrate. 

9.  Red  blood  cell  extract  (Foshay). 

10.  Serum, .(rabbit), 

.•  .  *'7“  • 
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hydrolysate  and  red  blood  cell  extract.  The  most  satisfactory  solid  medium 
was  dextrose  cystine  blood  agar  and  it  had  the  disadvantage  of  requiring 
a  heavy  inoculum  in  initiate  growth. 

At  the  outset  two  problems  were  investigated  at  Camp  Detrick: 

(1)  the  development  of  a  simple,  cheap  liquid  medium  for  mass  cultivation, 

(2)  the  development  of  a  solid  medium  which  could  be  used  for  quantitative 
plate  counts. 

Details  of  the  preparation  of  a  satisfactory  simple  liquid  medium 
may  be  found  in  Lt.  Snyder's  Report. '44; 

Table  II  lists  the  media  and  enrichments  studied  in  an  effort  to 
find  conditions  which  would  support  abundant  growth  and  perhaps  be  applicable 
to  quantitative  work.  None  of  the  media  listed  in  Table  II  have  results 
sufficiently  favorable  to  justify  their  substitution  for  the  usual  dextfose 
cystine  blood  agar. 

A  method  of  counting  surface  colonies  was  developed  as  follows, 
using  virulent  strains  S  and  C.  Fresh  dextrose  cystine  blood  agar  plates  were 
used.  A  suspension  of  organisms  was  matched  to  a  T500  turbidity  and  tenfold 
serial  dilutions  were  made.  One  tenth  ml  of  these  dilutions  was  put  in  the 
center  of  the  plates  and  spread  gently  over  the  surface  with  a  sterile  bent 
glass  rod.  After  drying  the  plates  were  inverted  and  incubated  at  37°  C 
for  48,  72,  and  96  hours  until  maximum  growth  had  taken  place.  Comparative 
studies  were  made  to  deten.une  the  conditions  of  maximum  growth  and  the 
limits  of  accuracy  of  the  methods. 

T/hen  cysteine  hydrochloride  was  added  to  the  basic  dextrose  blood 
agar  the  counts  were  higher  than  when  cystine  was  added.  Table  III  shows 
the  results  of  a  comparison  of  the  two  media. 

TABLE  III 


Comparative  Counts  of  "UL"  on  Solid  Media 


Dilution 

Dextrose  Blood  agar 
plus  0.1%  Cystine 

Dextrose  Blood  Agar 
plus  0.1%  Cysteine  HC] 

plated 

Days 

Incubation 

2 

2 

k 

6 

10 

2 

3 

4 

6  10 

10"2 

*'4/ 

4/ 

4/ 

4/ 

4/. 

3/ 

4/ 

4/ 

4/  4/ 

10-3 

0 

0 

0 

O' 

0  ’ 

2/ 

3/ 

4/ 

4/  4/ 

10-4 

10“5 

0 

0 

0 

0 

0 

0 

3/ 

4/ 

4/  4/ 

0 

0 

0 

0 

0 

0 

1/ 

2/ 

2/  2/ 

10  ° 

0 

0 

0 

0 

0 

0 

0 

171 

235  240 

*  Colonies  too  numerous  to  count  accurately;  1/  to  4/  indicates  increasing 
number  of  colonies;  0  indicates  no  colonies. 
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Using  dextrose  cys  ire  blood  agar  (DCBA),  numerous  variations 
were  tried  affecting  the  physical  conditions  of  growth,  as  follows: 

(a)  Increased  CO  tension  was  obtained  by  i'ncubating  plates 
in  a  sealed  dessicator  in  which  part  of  the  oxygen  was  replaced-  by  tank 
CO^.  No  improvement  of  growth  was  noted  over  similar  plates  incubated 
in  air. 

(b)  Poured  DCBA  plates  of  "UL"  failed  to  show  growth. 

(c)  Freshly  poured  moist  plates  and  plates  kept  moist  by  . 
sealing- with  parafiimdid  not  support  growth  as  well  as  plates  which  were  . 
dried  by  overnight  incubation  at  37°  C  before  inoculation. 

(d)  Heating-  DCBA  for  15  minutes  at  temperatures  of  60,  70, 

85,  100  and  120°  C  did  not  completely  destroy  its  ability  to  support 
growth  of  "UL".  In  every  case  the  growth  was  not  as  good  as  in  unheated 

medium. 


(e)  Comparative  growth  on  DCBA  plates  adjusted  to  different 
pH  values  and  inoculated  with  the  same  "UL"  dilution  is  shown  below: 

Initial  pH  of  Agar 
before  Autoclaving 

7.8 
7.2 
6.7 

These  results  and  others  shown  in  Tables  IVa  and  iVb  demonstrated 

I 

that  for  maximum  rapid  growth,  "UL"  tolerated  only  a  narrow  pH  range  of  about 
6.7  to  7.2.  A  slight  increase  in  growth  occurred  if  the  cysteine  was  added 
after  autoclaving  the  medium  as  shown  by  the  following: 


Final  pH  in 
the  Petri  Dish 

7.3' 

8  6, -9  5 

6.6 


48  Hr.  Growth 
of  "UL" 


>2/.  W„'V 

/  /  I  0-j 


10/ 


4 


'6 


48  Hr.  Growth 

a.  Cysteine  HCl  adaed  before  auto¬ 
claving  the  medium;  final  pH  6.85  6/* 

b.  Autoclaved  cysteine  hCl  added  after 
autoclaving  the  medium;  pH  adjusted  7/ 
to  6.85  witl  sterile  normal  NaOH: 

c.  Seitz  filtered  cysteine  HCl  added 
after  autoclaving  with  medium;  pH  8/ 
adjusted  to  6.85  with  sterile  normal- 
NaOH: 

*  The  colony  count  and  rapidity  of  growth  on  plates  expressed  as  a  scale 
from  l/.  to  10/.  10/  growth ' means '  maximum  numb cr  of  colonies  appearing 

after  36  hrs.  incubation,  1/  indicates  a  smile r  number  of  colonies 
which  did  not  reach  their  maximum  number  until  4  or  5  days  of  incubation. 
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The  slight  increase  in  grbwth  obtained  on  adding  cysteine 
after  autoclaving  the  medium  was  considered  insufficient  to  compensate 
for  the  additional  time  required  for  this  manipulation. 

For  quantitative  estimation  of  organisms  in  experimental  work 
it  was  necessary  to  develop  a  medium  which  would  support  rapid  growth  of 
"UL"  and  at  the  same  time  be  simple  to  prepare  in  a  reproducible  form, 
preferably  from  ingredients  found  in  any  bacteriological  laboratory.  Sqch 
a  study  was  made  by  comparing  DCBA  with  Snyder's  medium  over  a  pH  range  of 
6.4  to  7.6.  Both  media  were  studied  (1)  without  blood,  (2)  with  blood 
added,  (3)  with  0.1$  Wilson  liver  concentrate  added,  (4)  with  blood  and 
liver  added.  The  results  are  shown  in  Table  IVa. 

Table  IVb  shows  a  similar  comparison  of  the  two  media  made  with 
Bacto  peptone  and  v.ith  Bacto  proteose  peptone,  this  table  also  compares 
the  effect  of  adjusting  the  pH  with  disodium  phosphate  buffers  instead  of 
NaOH  solution.  Conclusions  regarding  the  optimal  conditions  for  growth 
of  "UL"  as  shown  in  Tables  IVa  and  IVb  were  as  follows : 

1.  Final  pH  of  6.7  to  7.2.  Optimum:  6.9. 

2.  DCBA*was  superior  to  all  other  media  tested. 

3.  2.5$  dextrose  was  superior  to  1.25$  in  DCBA. 

4.  Growth  was  distinctly  poorer  when  Na„HP0,  was  used  in  place  of 

NaOH  to  adjust  pH.  4 

5.  Addition  of  liver  concentrate  stimulated  growth  in  Snyder's 
medium  but  required  a  high  initial  pH  before  autoclaving. 

6.  Liver  could  not  replace  blood  in  DCBA,  and  interfered  with 
growth  when  added  to  the  whole  medium. 

7.  Best  growth  in  Snyder's  medium  was  obtained  with  blood  and  liver 
at  initial  pH  7.4  or  7.6. 

8.  Bacto  peptone  was  somewhat  better  than  proteose  peptone  in 
DCBA. 

9.  Optimum  conditions  indicated  by  these  findings  were: 

DCBA  with  2,5$  dextrose  at  pH  6.9,  made  with  Bacto  peptone, 
titrated  with  NaOH. 

In  evaluating  the  above  results  rapidity  of  growth  as  well  as 
total  colony  count  ware  considered.  On  DCBA  maximum  colony  counts  vere 
obtained  within  48  hours  incubation  after  which  no  increase  in  colonies 
was  observed.  On  Snyder's  medium  growth  was  slower  and  maximum  colony 
counts  appeared  after  3  to  5  days  incubation  of  plates. 

The  final  method  of  making  up  DCBA  embodied  all  the  information 
described  above.  This  medium  was  used  throughout  the  rest  of  the  work 
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EFFECT  OF  pH,  PROTEOSE,  OP  BACTO  PEPTONE  AND  PHOSPHATE  BUFFERS  ON  THE  GROWTH  OF  "UL" 
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wherever  plating  technics  were  employed.  The  method  of  preparation  is 
given  below* 

Prepare  a  solution  of  double  strength  meat  extract  broth  (0.6$ 
meat  extract,  2 %  Bacto-poptone,  1.0$  NaCl)  and  a.  solution  of  3 *  agar  in 
water.  These  two  solutions  my  be  auto-claved  and  kept  tightly  stoppered 
or  they  may  bo  used  immediately.  Vdth  the  broth  at  •>.  temperature  of  30°  C 
or  less  add  0.1$  cysteine  hydrochloride  and  adjust  the  pH  to  7.1  with 
N/l  NaOH.  The  pH  should  be  carefully  checked  on  the  Beckman  potentiometer. 

The  freshly  autoclaved  hot  agar  soxution  is  then  added  to  and  mixed  with 
an  equal  volume  of  double  strength  broth.  The  warm  single  strong th  cysteine 
agar  is  then  placed  in  screw  capped  bottles  containing  100  ml  each.  The 
bottles  are  autoclaved  at  15  lb.  for  20  minutes  and  then  cooled  to  45°  C 
in  a  water  bath;  3-5$  of  fresh  sterile,  defibrinated  rabbit  or  human  blood 
and  2.5$  sterile  dextrose  solution  are  added  to  each  bottle  of  molted  agar 
before  pouring.  The  plates,  arc  incubattd  overnight  at  37°  C  and  should  be 
uniformly  blight  red  and  frees  from  surface  moisture.  They  may  be  stored 
in  an  ice-box  and  used  for  a  week  after  preparation.  These  plates  are 
inoculated  as  previously  described  and  incubated  at  37°  c.  Maximum  growth, 
of  "LL,"  should  occur  ;  ithin  4*>  hours. 

Nine  virulent  strains  tested  have  given  satisfactory  plate  counts 
on  this  medium,^£Lght  strains  of  reduced  virulence  grew  more  slowly  and 
plat^roontff^uer^lower,  irregular,  and  v.ere  not  reproducible.  Air 
contam_nnnts  grew  rapidly  on  this  medium,  ti  erefore  it  was  necessary  to 
observe  good  bacteriological  technic  when  pouring  and  inoculating  DCBA  plates, 
a  full  20  ml  of  agar  should  be  poured  into  each  plate  to  prevent  excessive 
drying  during  the  incubation,  period.  After  cysteine  has  been  added, 
preparation  of  the  medium  should  be  completed  and  plates  poured  because 
the  finished  plates  can  be  stored  in  the  cold  without  loss  of  their  growth 
promoting  ability.  If  the  plain  cysteine  Agar  is  stored  in  screw  capped 
bottles  for  several  days  it  becomes  discolored  near  the  top  and  when  sub¬ 
sequently  remelted  and  made  into  plates  grov.th  of  "Uxj"  is  usually  poor. 

If  the  agar  is  too  warm  when  the  blood  is  added  the  resulting  chocolate 
agar  does  not  support  m;iximum  growth  of  "UL".  Oxalated  blood  cannot  be 
used  and  citrated  blood  is  not  desirable.  However,  packed  red  cells  from 
citrated  human  blood  have  bce'n  found  very  satisfactory.  Disregard  of  these 
technicalities  may  often  entail  experimental  errors  of  consider  ble 
magnitude. 


2,  Quantitative  Methods  of  Counting  Viable'  "UL”  Organisms 

Comparison  of  the  sensitivity  of  the  DCBA  plate  count  and. the 
mouse  BD^q  titration  as  met!  ods  of  estimating  the  number  of  "UL"  organisms 
in  a  given '"UL"  suspension  is  hhown  in  Jables  V?.  and  Vb.  The  methods 
of  carrying  out  mouse  titrations  ;md  plate  counts  are.  described  in 
Section  II  (Methods)  ox  this  report.  The  plate  counts  are-  expressed  as 
organisms  per  ml  of  the  original  suspension  and  the  figures  shown  re¬ 
present  an  average  of  three  or  four  replicate  plaUs.  The  LD  titration 
in  mice  was  converted  to  LD^  doses  per  nil  of  original  suspension  as 
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TABLE  V  (a) 


Statistical  Analyses  of 

DCBA  Plate  Counts  and  Mouse  LDcq  Titrations  on  20  "UL* 
Suspensions  in  Saline 


^50 

LD^/ml  x  10q 

Plate  Count 
/ml  x  10q 

-  *•  <*•/“*> 

10 -8.88* 

1.52 

2.80 

1.84 

-8.54 

.70 

.55 

1.36 

-9.27 

3.72 

9.50 

2.55 

-8.00 

.20 

.278 

1.39 

-8.75 

1.12 

.720 

.64 

-j.fc 

8.32 

8.99 

1.08 

-9.50 

6.30 

4.20 

.67 

-9.66 

9.12 

2.76 

.30 

-9.50 

6.30 

2.03 

.32 

-9.59 

7.92 

2.17 

.27 

-9.50 

6.30 

4,42 

.70 

-8.66 

.92 

1.10 

1.20 

-9.00 

2.00 

1.05 

.52 

-9.6l 

8.12 

1.72 

..*21 

-9. 00 

15.86 

c 

1,42 

.09 

-9.66 

9.12 

2,24 

.25 

-9.00 

2.00 

.74 

.37 

-8.71 

1.02 

2.39 

2.54 

-9.  l6 

2.88 

1.71 

.5Q 

-8.83 

1.52 

1.01 

.66 

Mean:  O.867 
Standard  Deviation:  0,7115 
Standard  Error  of  Mean: . 0.1591 


*  Expressed  as  the  dilution  of.  a  standard  suspension  0.5  ml  of  which 
killed  fifty  per  cent  of  the  mice. 
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Statistical  Analysis  of 

DOHA  Plate  Counts  and  Mouse  LDcq  Titrations  on  20  "TJL"  Infected 

Emhryonated  Chicken  Eggs 


LD^o/mlxlOQ 

Plate  Count/ml 
xlO^ 

.  Mo.  Or g./^ 

10-0.62* 

8.37 

3.50 

.42 

-0.T0  . 

10.00 

5.70 

.57 

-9.50 

6.37 

2.00 

*37 

v7.3S 

.048 

.047 

.08 

-6.75 

.oil 

.030 

3.54 

>9.10 

2.50 

3.79 

1.51 

-g.go 

» 

1.32 

2.04 

1.55 

-s.56 

.72 

.398 

.55 

-9.10 

2.50 

2.191 

.88 

-7.58 

.076 

.180 

2.37  . 

-8.5? 

.66 

1.65 

2.50 

-8.21 

.^2 

.^6 

I.05 

-9.87 

l4.go 

3.76 

.25 

-8.87 

1.48 

.61 

.41 

-8.86 

••  1.44 

2.59 

1,80 

-8.75 

1.4? 

.905 

"  .64 

-0.l4 

2.76 

.330 

.12 

-7.74 

.118 

.066 

.56 

-7.66 

.  ■  .092  . 

.06° 

.75 

-9.23 

3.40 

2.80 

.82 

.  Mean:  1.08 

Standard 'Deviation:  0.886° 

Standard  etrror  of  Mean:  0.1°83 

•  Expressed  as  the  dilution  of  a  standard  susnension  0,5  ml  of  which 
killed  50#  of  the  nice, 
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shown,  in  column  3  of  the  Tables.  The  last  column  shows  the  number  of 
organisms  per  LDcri  dose  and  was  obtained  by  dividing  the  number  of  organisms 

ii.  i  i  .... 


per  ml  ns  determined  by  plate  counts  by  the  number  of  lB  doses  per  ml 
as  determined  by  mouse  titration.  In  call  the  titrations  presented  the 
virulent  Schu  strain i was  employed.  Preliminary  titrations  done  during 
the  developmental' stages  "of '-.the  plate  count  medium  were ->not  ^included  jy  other- 
vvise  there  was  no  selection  of  data.  Table  la,  shoi  s  the  results  of  20 
titrations  on  "UL"  suspensions  in  saline  c;w  rif  d  out  over  a  period  of  one 

year  and  Table  Vb  shows  similar  data  on  20  "UL"  infect  d,  minced,  embryonated 
chicken  eggs, 


The  results  indicate  that  v!hen  virulent  Schu  strain  was  used  the 
bCBA  plate  c#unt  gave  an  accurate  indication  of  the  number  of  infectious 
units  in  a  given  "Uo"  suspension.  A  dose  of  one  organism  as  determined  by 

the  DCBA  plate  count  kiixed  50$  oi  the  mice  with  a  standard  error  of  '0 j  18 . 

Snider's  peptone  medium/  ^  modified  for  plate  counting  by  cadding 

agar  and  cysteine  HC1,  may  also  be  used  for  making  pi  to  counts.  A* 

comparison  of  this  medium  and  DCBA  medium  during  cloud  chamber  studies 
involving  hundreds  of  plates  demonstrated  certain  advantages  of  the  BCBA 
medium  ,  namely,  greater  uniformity  oi  diiferent  lots,  greater  stability 
on  storage,  and  in  some  cases  greater  accuracy  and  higher  counts  as  shown 
by  replicate  plates. 


T*L‘  Snydor(1/+)  had  previously  shown  that  static  evstoine 
peptone  broth  supported  growth  when  inocul-  ted  v  ith  swill  nun  of  organisms 
a.nd  incubated  without  shaking.,  To  compare  the  growth  promoting  properties 

of  this  peptone  medium  ;  ith  BCBA  plates  the  following  experiment  was  carried 
out. 


A  iA0  saline  suspension  oi  a  24  hour  culture  of  strain  Schu  was 
prepared  and  serial  decimal  dilutions  made  in  gelatin  diluent.  These 
dilutions  were  used  for  inoculating  DCBA  plates  (7  replicate  plates  per 
dilution),  lor  a  mouse  LD  titration  (10  mice  pur  dilution)  and  for 
inoculation  of  peptone  broth  flasks  (10  flasks  per  dilution).  The  peptone 
broth  consisted  of  2$  peptone,  1$  U  Cl,  0.1fo  glucose  and  0.1$  cysteine 
hydrochloride  adjusted  to  pH  7.0  and  dispensed  in  25  ml  amounts  in  250  ml 
mrlenneyer  ilasks.  Alter  inoculation  the  flasks  were  htld  static  at  37°  c 
for  three  hours  and  then  continuously  shaken.  Thu  gro;  th  in  the  flasks  was 
determined  by  the  appearance  of  turbidity  and  checked  by  Gram  stain.  The 
plate  count  was  determined  by  direct  counting  and  the  results  from  the  mouse 
titration  were  computed  by  statistical  analysis.  As  a  check  on  the  method 
ofReed  and  Luench,  which  was  used  for  the  data  previously  reported,  these 
data  weruyinalyzed  by  the  method  of  SUvensW)  and  also  by  the  method  of 
Hilvorson  and  Ziegler.1'10'' 


Results  shown  in  Table  VI  indicate  a  very  close  correlation  be¬ 
tween  the  DCB/i  plate  count,  the  mouse  LB  titration  and  the  peptone  broth 
titration.  I.  the  DCBA  plate  count  and  mouse  titration  give  an  accurate 
count  of  the  number  of  "Uu"  organisms,  then  on  the  basis  of  this  experiment 
it  may  bo  postulated  that  an  inoculum  of  one  "UL"  organism  is  sufficient  to 
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start  growth  in  Snyder's  peptone  cysteine  broth. 

TABLE  VI 


The  Number  of  "U.u''  Organisms  per  ml  as  Determined  by  DCBA  Pi  be 

Oounts,  Mouse  LD  Titration  and  Peptone  Broth  Titration. 

50 

Technic  ,  Organisms  per  nil  of  • 

"  Original  Suspension 

DCBA" Plate  Count  1.91  x  109 


Mouse  LD'j~q  Titratio'n  . . 
Peptone  Broth  Titration 


l.OAxlO9*  1.08xl09**- 

1.4  xlO9*  1.5  xlO9** 


*-  ’  As  determined  by  the  Stevens  Method  of  Statistical  Analysis. 
As  determined  by  the  Halvorson  and  Ziegler  Method  of  Statis- 
.  tical  Analysis. . 


3 .  "UL11  Growth  Curves 

.  Since  no  investigation  of  "Un"  viability  grov:th  curves  has  been 
previously  .reported,  it  scemAft  desirable  to  obtain  data  on  this  subject 
for  the  following  reasons: 

To  determine  whether  gelatin  hydrolysate  of  Snyder’s  peptone 
medium  supported  better  growth. 

To. find  the' optimum  time  to  harvest  "UL"  for  vaccine  and 
fractionation  studies. 


'  To  study  the  effect  of  shaking  and  over- aeration  as  veil  as  that 
of  shaking  alone. 

To  determine  whether  the, increase  in  turbidity  '.nd/or  plate  count 
was  paralleled  by  an  increase  in  mouse  infective  units. 

To  determine  conditions  of  growth  in  anticipation  of  plant 
production. 

The  two  media  used  were  Fos hay's  gelatin  hydrolysate  medium 
and  Snyder’s  peptone  broth.  The  composition  of  the  two  .media  is  given 
below.  . 

a.  Snyder's  Peptone  Broth 


Bacto  Peptone  20  gms 
Glucose  1  gm 
NaCl-  ,  10.  gms 
Distilled  water  to  make  1000  ml 
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b.  Gelatin  Hydrolysate  Medium^ 

JJf1  .  7.0  gms 

Glycerine  5.0  nil 

Cystine  hydrochloride  0^1  gm 

HC1  hydrolysate  of  Gelatin  15.0  gm  (Original  gelatin) 

Hot  Water  extract  of  100  i.il  packed  red  blood  cells 

Distilled  vater  to  make  1000.0  ml 

The  reaction  was  adjusted  to  pH  7.1  with  HaOH  and  checked  on  the  Beckman 
potentiometer.  The  media  were  distributed  in  six 'liter  Florence  flasks. 

hree  liters  per  flask,  and  sterilized  .t  10  lb.  pressure  for  twenty 
minutes.  They  were  then  brought  to  a  temperature  of  37°  C  and  inoculated 
with  the  entire  24  hour  growth  from  two  large  DCBA  slants  of  strain  Schu 
emulsified  in  saline.  In  one  instance  (Fig.  4)  the  temperature  of  the 
medium  was  20  c  when  inoculated.  All  flasks  were  shaken  at  70  oscillations 
per  minute  with  an  excursion  of  1  3/4  inches.  Preliminary  results  had 
shown  that  shaken  cultures  grew  much  faster  and  reached  a  higher  final 
count  than  stationary  cultures.  In  some  cases  over-aeration  was  accomplished 
y  a  continuous  exchange  of  sterile  air  over  the  medium  at  the  rate  of 
5  liters  per  minute.  The  incubation  temperature  was  37°  C.  At  0  1  2  3 
4,  8,  10,  12,  16,  20,  24,  28,  36,  40,  48,  72,  and  168  hour  intervals 
10  ml  samples  were  withdrawn  and  decimal  dilutions  rirt.de  in  physiological 

inoculati nit  diiUti°?fMere  “Sed  for  counts  on  DCBA  P^-tus  ™d  for  animal 
inoculations.  Turbidity  readings  were  made  on  a  Coleman  Spectrophotometer. 

in  Fi dnr  results  of  three  representative  experiments  are  presented 
figures  1,  2,  j,  and  4.  The  numbers  of  organisms  are  expressed  as  logs 
1  J  ^r±T°T^s  counUd  P°r  ,al*  The  ^use  titrations  are  expressed  as  the 
absorption  L  50  ^  ^  th&  turbidit*v  readings  in  per  cent  of  light 

,,  v  In  general  the  form  of  the  growth  curves  was  similar  to  that 

when* grown  at^oT"  V  Th*  ^  P^se  was  short 

fnr  ng  . .  .  1 7  as  shOTn  in  Fl£ures  1  and  3.  This  may  be  accounted 

lor  partially  by  the  largo  size  of  the  inoculum  (4  to  10  million  per  ml) 
and  by  the  fact  that  the  24  hour  DCS,  slant  growth  used  for  inoculum 

Thn  .contn?;ncd  ?1  lar^  Percentage  of  recently  generated  organisms. 

J  lafe  phas e  probab ly  also  indicates  that  the  media  as  constituted 
presented  nearly  optimal  growth  conditions  for  this  organism,  hhen  the 
inoculum  was  added  to  the  medium  at  20°  C  a  Lag  phase  of  8  hours  was 
observed  loliowed  by  the  usual  12  hour  logarithmic  phase. 

In  lour  experiments  the  logarithmic  phase  lasted  for  11  to  12 
hours  and  in  one  experiment  it  lasted  for  8  hours,  (Figure  1,  gelatin 

Thu  stationary  phase  persisted  beyond  A  hours  md 
the  phase  of  decline  was  rapid  after  72  hours  (s  e  Figure  3.)  If  U 
were desirable  tor  vaccine  production,  a  maximum  number  of  young  cells  could 

LrS  i'ocS6  "0nr  lh#  “d  °f  ^  *  to 
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Snyder' 3  medium  supported  betted  growth  than  did  gelatin 
hydrolysate  medium  unde*' the  conditions  of  the  experiments.  These  results 
were  obtained  several  times  and  were  confirmed  using  red  blood  cell 
extract  prepared  in  Foshay’s  laboratory.  The  shape  of  the  growth  curves 
iron  the  two  media  varied  slightly,  the  main  difference  being  a  steeper 
logarithmic  phase  exhibited  by  cultures  grown  in  Snyder's  medium. 

Over-aeration  did  not  significantly  alter  the  growth  curve  from 
that  observed  in  cultures  which  were  shaken  only.' 

,  n  Af  shown  ln  Figure  3  the  number  of  organisms  per  ml  as  determined 

L  e  C?un,t/'nd  by  filouso  titr^fci°n  closely  paralleled  each 

other  throughout  all  phases  of  the  growth  curve.  The  close  correlation 

in  the  pase  of  decline  would  indicate  no  lo,s  in  virulence  of  those  organisms 
which  remained. 


,,  .  n  The  turt>idity  curve  closely  approximated  the  viability  count  and 

u„®J~5Q  ^Figures  2,  3  and  4.  During  the  lag  phase-  and  the  early 

hours  of  the  logarithmic  phase  the  turbidity  curve  was  unreliable  but  near 
e  end  oi  .10  ogarithnuc  phase  and  throughout  the  stationary  phase  it  gave 
an  accurate  index  of  the  number  of  viable  cells.  Turbidity  measurements 
can  be  hade  quickly  with  a  minimum  of  equipment  and  trained  personnel,  and 
results  are  available  lmw  diatciy,  For  these  reasons  turbidity  measure¬ 
ments  could  probably  be  adopted  to  control  production  and  to  determine 
optimum  time  oi  harvest  in  pilot  plant  production  of  "UL". 

Foshay  (98)  carried  out  some  growth  curve  studies  in  which  he 
compared  the  following  methods  of  measuring  growth  of  "UL"  in  gelatin 
ydroiysate  medium:  (1)  tunbidity  measured  on  a  reflecting  tvpe  of 
photelectric  comparator,  (2)  volume  of  packed  bacteria,  and  (3)  total 
bacterial  nitrogen.  He  found  that  turbidity  measurements  gave  results 
similar  to  tnose  obtained  at  Camp  Detrick.  Bacterial  volume  and  total 
nrtrogen  values  gave  a  more  accurate  index  of  total  bacterial  substance, 
and  the  values  for  these  two  methods  agreed  fairly  closely.  Counts  of 
viable  colls  were  not  made  by  Foshny  but  it  is  probable  that^they  wo^Id 

have  pa  railed  the  turbidity  curve  rather  than  the  bacterial  volumeor  total 
nitrogen  curve. 

B  Infectivity  of  "UL" 

.  A  study  °f  thc  susceptibility  of  embryonateo  eggs  and  of  various 
species  of  animals  to  "UL"  infection  was  undertaken,  as  part  of  the  fund¬ 
amental  investigation  necessary  to  the  evaluation  of  "UL"  as  a  B\.  agent  and 
he  development  of  biological  protection  against  it.  It  was  also  desirable 

of  infection^50  ^  cxptrira'ntl"-1  iinilL  ls  n-s-  determined  by  various  routes 
1.  Studies  in  Lf.gs 

a-  Growth  of  "UL"  in  limb ryon-t ted  Eggs 

The  growth  of  "UL"  in  embryonated  eggs'  after  heavy  inocul-t^on 
was  reported  bv  Buddmgh.^O)  «.  oh*,  ,.v.  w  f,L7  U  ■  -nocui  .t*on, 

.  ru  ODSeived  that  the  organisms  grew  in- 
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tracellularly  in  the  membrane  and  that  death  Usually  took  place  72-80 
hours  after  inoculation. 

The  vork  reported  herein  was  done  with  the  object  of  determining 
(1)  the  degree  of  multiplication  of  "UL"  in  various  tissues  of  the  cn- 
bryonated  eggs;  (2)  the  length  of  time  the  organism  survived  m  the 
harvested  egg;  and  (3)  the  suitability  of  the  infected  ernbryona  e 
as  a  source  of  organisms  for  the  preparation  of  vaccines. 


The  eggs  to  be  inoculated  were  prepared  in  the  usual  manner  and 
0.2  ml  of  the  culture  was  inocul' ted  by  the  various  routes  designated  in  the 
tables,  fhe  eggs  were  scaled  vdth  collodion-icdine  and  incubated  y 
for  the  designated  length  of  time  .  The  various  tissu  s  and  allantoic  iluid 
were  harvested  under  aseptic  conditions  and  the  membranes . and  yolk  sacs  were 
broken  tip  by  shaking  vdth  sterile  beads  in  a  shaking  machine.  Plate  counts 
of  serial  dilutions  wore  rua.de  in  the  usual  manner.  In  many  oases  mouse 
titrations  were  made  on  the  dilutions  used  for  plate  »oun*s  in  order  to 
compare  the  accuracy  of  the  plate  counts  and  mouse  titrc.tions. 


Both  virulent  and  avirulent  "UL"  strains  were  studied.  Yolk 
sac  and  chorio-ailantoic  membrane  inoculation  of  embryonated  eggs. showed, 
that  avirulent  strain  38  neither  grew  nor  survived.  Neither  did  it  survive 
in  infertile  eggs. 


Virulent  strains  3  and  C  grew  in  embryonated  eggs  following  yolk 
S'ic  or  membrane  inoculations  and  caused  death  of  the  embryo  in  one  to  five 
days  depending  on  the  size  of  the  inoculum.  Within  2k  hours  large  numbers 
of  organisms  were  demonstrable  in  all  parts  of  the  egg  and  in  the  embryo. 
The  greatest  multiplication  of  organisms  occurred  just  before  death  of  the 
embryo.  Some  typical  plate  counts  on  membraneor  yolk  sac  inocul  ted  eggs 
harvested  72  hours  -after  inoculation  are  given  below. 


Membr.uae  Inoculated  Eggs 


Tissue 

Count  /ml 

Yolk  sac 

59  x  106 

Embryo 

10  x  10b 

Fluids 

11  x  10^ 

Membrane 

200  x  106 

Yolk  Sac  Inoculated  Eggs 


Tissue 

Count  /ml 

Yolk  sac 

10,890  x  10 

Fluid 

3,280  x  10° 

Membrane 

1,370  x  10e 
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orEan^sm  6I*cW  ihtbaccllul'irly  in  the  menbhane*  in  . 

fib  rob  las  t-s  of  the  mesoderm  and  ih  liveh  dells  as  described  by  BUddinghU20' 
These  observations  wore  confirmed  in  this  laboratorv  and  in  addition  large 
numbers  of  organisms  wore  demonstrated  in  the  cells  of  the  yolk  sac. 

Greatest  multiplication  of  "Um"  was  obtained  in  the  yolk  sac  of  volk  sac 
inoculated  eggs. 


b ,  Cpmga_ri.son  of  Strains  of  "Up"  in  Embryonated  11; rs 

As  a  part  of  the  study  of  the  cultivation  of  "Urn"  in 
embryonated  eggs  a  comparison  was  made  of  8  virulent  strains  and  7  strains 
of  diminished  virulence  by  titration  in  8  day  embryonated  chicken  eggs,  . 
An  attempt  was  made  (l)  to  determine  their  relative  virulenco  for  the 
chick  .embryo;  (2)  to  correlate  the  siz^  of  the  inoculum  with  the  time  of 
death  and  with  the  viable  count;  and  (3)  to  determine  the  effect  of  con¬ 
tinued  storage  at  incubation  temperature  on  the  ’’Urn11  count  in  eggs  in 
which  the  embryos  died  as  a. result  of.  infection. 

Eight  day  embryonated  chicken  eggs  were  used  throughout,  "UL" 
cultures  were  grown  ior  24  hours  on  DCBA  and  the  growth  emulsified  in 
physiologic  Stalinc  to  T40  turbidity.  From  this  suspension  logarithmic 
dilutions  we re  made  in  saline  for  the  inoculation  of  the  eggs.  Twenty 
eggs  were  -inoculated  with  each  dilution.  A  total  volume  of  0.2  ml  was 
injected  into  each  yolk  sac  with  a  21  gauge  l£  inch  needle,  5£gS  were 
candled  daily  and  the  number  of  dead  embryos  recorded.  Ten  eggs  from 
each  lot  which  h»d  received  a  particular  dilution  of  inoculum  were 
harvested  on  the  day  of  maximum  embryo  death.  The  remaining  ten  eggs  wc-re 
left  in  the  incubator  at  37°  0  and  harvested  8-10  later.  Harvesting  was 
done  by  mixing  tnc  entire  contents  (shell  and  shell  membranes  removed) 
of  10  eggs  in  a  Unring  Blender  for  3  minutes.  The  foam  was  allowed  to 
settle  for  5  minutes/  then  logarithmic  dilutions  of  the  liquid  portion  were 
made  in  saline  and  counted  on  DCBA  plates.  The  results  are  shown  in 
Tables  VII  and  VIII, 


Chick  embryos  wore  killed  by  inocula  of  the  eight  virulent 
strains,  through  the  10  dilution.  The  day  of  maximum  number  of  embryo 
deaths  occurred  on  the  3rd  to  4th  day  with  the  heavy  inoculum  and  on  the 
6th  to  9th  days  with  the  light  inoculum.  Of  the  eight  virulent  strains 
studied,  six  showed  greater  multiplication  of  "UL"  in  egfs  receiving  the 
heaviest  inoculum,  while  two  stains,  Holt  and  SM21,  showed  approximately 
the  same  degree  of  "Uo"  multiplication  with  each  dilution  of  inoculum. 
In^practicaily  all  cases  storage-  of  dead  embryos  in  the  incubator  at 

3?  C  for  2t5  days  after  death  resulted  in  a  drop  in  viable  "Ufc"  -'as 
determined  by  plate  counts  on  DCBA. 


The  seven  less  virulent  strains  (Table  VIII)  killed  chick 
embryos  more  slowly-.  Multi  pile  .tion  of  "UL"  was  not  so  great  as  with 
virulent  strains  and  was  -about  th<  same  for  all  dilutions  of  inoculum. 
The  data  on  strain  33  w^rc  obtained  several  months  previously  and  are 
included  in  Table  VIII  for  comparison. 
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Mixing  eggs  in  the  Unring  Blender  'was  a  cohVchient  Method  of 
pooling  and  homogenizing  10  eggs.  It  was  found  that  blending  for  more 
than  3  Minutes  resulted  in  a  marked  fall  ih  the  number  of  viable  ''Un" 
organisms.  This  could  probably  be  explained  on  the  br  sis  of  the  hi  at 
generated,  as  shown  by  the  follov*ing  temperature  readings  obtained  on  10 
sterile  ejnbryona.ted  eggst 

TABLE  IX 


Temperature  Rise  in  Waring  Blender  During  Homogenizing 
Time  in  Blender  in  Minutes  0"  3"  5"  7"  10"  15"  20" 

Temperature  (in  degrees  C)  33  40  46  51  56  63  68 

Separate  counts  made  on  foam  which  rose  to  the  top  of  the  blonder 
and  on  liquid  material  at  the  boetom  shoved  the5  following  concentration 
of  organisms  in  the  foam. 


TABLE  X 

Count  per  ml  in  Foam  and  Liquid  from  haring  Blender 

Foam  •  Liquid  . 

» 

Lxpt.  1  5.48  x  108  4.48  x  108 

Expt.  2  11,58  x  108  8.58  x  108 

Thee  values  are  not  remark edly  different  but  serve  to  emphasize  the 
necessity  of  employing  standard  procedure  in  work  of  this  land. 

These  results  on  strains  of  varying  virulence  indicate  that 
inoculation  into  embryonated  e^gs  does  not  furnish  a  very  delicate  method, 
for  detecting  strain  differences.  In  general  t!  e  more  virulent  strains 
kill  check  embryos  more  quickly  and  give  a  higher  final  count,  but  the 
difference  is  not  so  great  as  that  observed  when  mouse  titrations  are  used. 
Continued  storage  for  2-5  days  at  incubation  temperature  caused  a  signifi¬ 
cant  drop  in  viable  "U^"  counts, 

c.  Growth  of  "Uh"  in  wiving  and  Dead  Chick  Embryos 

Although  "Uu"  incouiation  of  embryonic  j.iembranes  or  yolk  sacs 
seems  to  result  in  their  parnsitization  and  in  abundant  multiplication 
of  the  organism,  it  is  possible  to  grow  tie  later  in  the  test  tube  on  a 
medium  of  coagulate  egg.  It  st emed  of  some  interest  to  determine  how  well, 
if  at  all,  "l J'  would  grow  in  an  embryonnted  egg  if  inoculated  after  the 
embryo  was  •  killed.  Pilot  plant  production  of  "U-l."  in  embryonated  eggs 
was  being  considered  ?md  from  this  standpoint  it  was  desirable  to  knov. 
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whetner  embryos  which  Were  killed  ds  a  result  of  the  trauma  and  manipulation 
of  inoculation  would  still  support  "U4"  growth. 

_2  Forty-five  eggs  (?  da;  embryos)  were  inoculated  with  0.2  ml  cf 
dilution  of  a  T-40  standard  saline  suspension  of  "UL",  Tee  culture 
strain  SM16,  was  24  hours  old.  This  experiment  was  repeai.ed  twice. 

The  eggs  were  divided  into  2  lets  of  20  and  25,  respectively. 
Twenty  were  inoculated  as  usual  (21  gauge  If.  inch  needle  inserted  through 
air  sac  at  an  angle  t<  avoid  hitting  the  embryo).  This  group  lived  until 
killed  by  "Urn'1  growth.  In  experiment- 1,  I0,ct>  died  on  the  first  day,  l5;-o 
<^n  the  second  day  and  75k  on  the  third  day.  In  experiment  2,  2 %  died  on 
the  iirst  day,  4.45>  on  the  second  day ,  and  93%  on  the  third  day.  On  the 
day,  all  eggs  were  placed  in  .the  ice-booc.  Twenty-five  eggs  were 
killed  at  the  time  cf  inoculation  by  inserting  the  needle  3  times  at  an 
angxe  directed  toward  the  ei.;br,' c .  The  "Uy  suspension  was  injected  on  the 
ti ird  stroke.  These  eggs  were  kept  in  the  incubator  for  3  days  (the  same 
length  of  time  as  those  allowed  to  die  as  a  result  "Uk")*  after  which 
time  they  were  placed  in  the  ice-box  until  harvested.  All  eggs  of  this 
set  which  contained  viable  embryos  If!  h.urs  after  inoculaticn  were  dis¬ 
carded.  A. ter  1  and  2  days  in  the  ice-box  (li^eriment  1  and  2  respectively) 
the  contents  of  the  eggs  were  harvested,  placed  in  250  ml  centrifuge 
battles  with  glass  beads  and  shaken  30-40  minutes.  The  shells  were  dis- 
caided,  aerial  dilutions  in  0,05k  saline  were  made  from  the  shaken  material 
and  plate  counts  were  made  in  triplicate  on  bCBA  plates.  Three  eggs  were 
pooled  for  each  c~unt.  The  average  c>. ur.t  in  experiments  1  and  2  were  as 
follows. 


TAB.1!  XI 

Multiplication  of  "Ly  in  m-ivin^  and  in  Dead  ilibrycnated 

Chicken  Eggs 


Embryo  killed  at  time  of 
inoculation 


0r(  .anisms/ml  of  whole  fog 
Experiment  1  Experiment  2 


Broup  1  (3  eggs  per  group) 


449  x  107 


Group  2 
Gro-r  3 

Embryo  allowed  tc  die  of 
"UL"  infection 

Died  1st  day 

Died  2nd  day 
Died  3rd  day- 


426  x  107 
423  x  10? 


2.77,5  x  107 

484  x  10? 
420  x  107 
395  x  107 
322  x  107 
I.kne 
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44.2  x  107 
132.0  x  107 
136.2  x  107 


155.7  x  1C7 
153.5  x  iC? 
105.2  x  107 


107.0  x  107 


Embryo  living  after  3  days 


BBdUET 


It  appeared  from  these  results  that  there  was  nr  significant 
difference  between  the  "Urn"  gfcwth  promoting  properties  of  living  versus 
dead  ciiick  embryos.-  ® 

This  knowledge  has  practical  application  in  cultivation  of  "UL" 
on  enbryonated  eggs  in  the  laboratory  or  plant.  Embryos  that  are  killed  by 
the  manipulation  and  trauma  of  inoculation  should  not  be  discarded.  If 
kept  in  the  incubator  the  "UL"  growth  in  these  eggs  will  be  equal  in  amount 
to  that  in  eggs  containing  viable  embryos; 

d.  Growth  of "Urn"  in  Embry onatt  d  Duck  Eggs 

Previous  work  in  the  "SI”  group  has  shewn  better  growth  cf  the 
agent  in  duck  eggs  than  in  chicken  ejgs.^l)  Since  "UL"  had  not  been  grewn 
in  duck  dggs,  the  following  three  experiments  were  set  up..  In  the  first, 
yolk  sacs  of  16  nine-day  enbryonated  duck  eggs  v. ere  inoculated  with  0,2  ml 
cf  10"2  dilution  of  a  standard  suspension  of  "UL"  strain  SM21R3,  Twenty 
11  day  enbryonated  chicken  eggs  were  similarly  in<  cul  ted  with  the  same 
suspension,  All  eggs  were  incubated  at  37°  C  and  harvested  n  the  4th  day 
after  overnight  storage  in  the  ice-box.  Yolk  sacs,  membranes  and  allantcic 
fluid  were  harvested  separately.  Giemsa  stains  were  made  on  each  yolk 
sac  to  detect  contamination.  Y* lk  sacs  from  14  duck  eggs  were  pooled  for 
a  plate  count.  Membranes  and  allantoic  fluids  were  alsi  pooled  before 
co unting. 

Because  of  the  fact  that  the  duck  eggs  seemed  to  survive  abc  ut 
,„ne  day  longer  than  the  chicken  eggs  and  because  of  the  high  ccuhts  c-btained 
in  the  yolk  sac  tw.,  additional  experiments  were  set  up,  in  which  varying 
dilutions  of  "UJ'  used  as  the  inoculum  wore  injected  and  the  day  v.f  death 
was  recorded.  The  results  >..f  these  three  experiments  are  tabulated  in 
Table  XII, 


These  results  showed  tE  t  duck  embryos  were  susceptible  to  "UL" 
infection  and  that  they  tended  to  survive  longer  than  chicken  embryos.  The 
yolk  sac  counts  were  not  consistent  but  in  general  the  yolk  sac  ctunts  o.n 
duck  eggs  were  higher  than  those  on  chicken  eggs.  In  duck  eggs  as  in 
chicken  eggs  the  yolk  sac  contained  a  larger  number  ^  f  organisms  than  the 
membranes  or  fluids.  As  duck  eggs  art  U0%  larger  th;  n  chicken  eggs  the 
total  yiexd  of  organisms  would  be  larger  than  in  chicken  eggs,  an  advantage 
which  might  be  taken  into  consideration  in  vaccine  preparation. 

e.  Serial  Passage  in  Chicken  Eggs 

Since  serial  passage  in  eggs  in  the  case  f  seme  viruses  and  the 
rickettsia  may  alter  their  virulence  for  e,  gs  and  mice,  it  seemed  worth 
while  to  study  the  efiect  on  virulence  of  serial  passage  of  "UL"  through 
embryonated  eggs. 

A  virulent  strain  cf  "UL",  Sto-1  (S  strain-nt use  passage  1)  w*s 

passaged  through  yolk  sac  and  membrane  and  the  ID  .  ft  r  mice  and  hhick 

50 
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^b2°!i!f!a^te"‘ine<i:  Tabl=  mi  shows  the  results  of  these  experiments, 
sac  “  71rultnce  r'-v  “ice  could  be  detected  after  yolk 

creased  The  ‘h._«Wek  embryo  a,  peered  to  be  .lightly  in- 

virulence  titmt/ U'!'ieQ  dle  out  Ln  repeated  membrane  passage  but 

and  the  ** 

2.  Detcrr.il nations  of  the  ID  Dose  nf  "UL”  for  Laboratory 
animals  by  Various  Iiffltes  of  Inoculation 

which  .ii-irrr  f?rt'lis  a.  “try  for  ir‘tecLil'r‘  °r  laboratory  animals 
were  detained  eX|*“lly 

r- 

?Ser  Zar  T  "*  5“**  “  ««“*  with  a  smooth  glasTrod  or  gloved 
th^skir  “ould  “fK  Oondltlo"s  t;  6  exact  number  of  organisms  penetrating 
"  ”„n  "  uld  b"  Pleasured,  therefore . the  LD  is  given  in  terms  of 

dilution  dut^  caused.d?abb /"  5%  of  the  affiuals  treated  with  this 

were  made  anfoTlh’,  ’T*1  dldubions  tr™  a  standard  suspension  of  »UL» 
ere  made  and  0.1  nil  was  injected  into  the  skin  of  nice,  rats  and  rabbits 

^eived6n^  a~^-br;^\fcritcjneal:  s^ial  dilutions  as  above  were  made  mice 
received  0.)  ml,  and  rats  and  other  animals,  1.0  ml.  Intranasal-  tv/ 

feSthetiZed  °‘°5  '*d  th*  aPPr&priate^dffutfcn  was 
feently  chopped  into  one  nostril.  Conjunctival;  An  attempt  was  made  to 
determine  the  sensitivity  uf  the  ocular  portal  of  ontrv  of  ’T  "  in  r-KK-f 
It  seemed  logical  that  an  inoculum  of  placS  in  tt/ul-d/sac  of  J' 
eje  might  produce  an  infection  in  the  animals  by  ;ne  of  two  routes*  r*  1  i  hv 

lacrinal°ca/°ard  th/t/T  "“f  m*rm>  ar  (2)  by  (»“»“<*  d°»n  the 
Clr:“  1  respiratory  tract.  Ihe  lacrimal  puncta  of 

possibility  ■  r  rr  baT  “re  destroyed  with  a  cautery  thu3  eliminating  the 
P  s  lbiiity  »f  respiratory  absorption  of  the  agent  via  the  lacrimal  canal 
These  tour  animals  werekept  for  a  month  to  allow  ail  /  reaction  in 

o“of!,!l  »SU  ^6  5o-?re  Chalfftlne  them  Kith  "UL".  An  inoculum  of 
Hr. hi  '  f  *  / *10  and  10  8  diiutions  of  »UL"  was  dropped  into  the 

ght  e  oi  four  rabbits  with  open  puncta  and  four  rabbits  which  had  hH 
their  puncta  closed  with  a  cautery  Intravaginal;  In  order  to  tes"  t^f 
penetration  oi  the  organism  on  another  mucous  membrane  four  female  rnhhii* 
were  gi^n  vaginal  inoculation  cf  0.05  ml  of  dilution: 

and  10  of  "UL".  ’  >  iC  > 


Table  XIV. 


r- suits  of  these  various  modes  of  inoculation  are  shown 


Ilifre,  rabbits,  guinea,  pigs,  and  hamsters  seemed  tc  be  eauallv 
susceptible  to  "UL"  when  challenged  subcutaneously, ' 1-3  organism*  slff  cinr 

jcctiJn  ,Pthcv!did/bUh  Te"b“'.J“t  «*  tasily  to  intracutaiieous 
jection  so  they  did  tc  subcutaneous  injection,  duinoa  pigs  and  mice  succumbed 
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TABLE  XIII 


Effect  of  Serial  Egg  Passage  on  Virulence  of  "UL" 


Strain 

Count/ml  of 

Suspension 

Titrated 

.  .  LD50* 

Mice 

LDcO 

Chick  Inbryo 

SMI 

2200  x  106 

io’q'2^ 

10-7. 17 

SYS26 

5840  x  10^ 

10-9.30 

10-9.33 

SME10 

x  106 

10-0.27 

10-9.0 

*  LDpjq  expressed  as  the  dilution  (of  a  T-4n  suspension)  which  killed  one 
LD^n  per  ml. 

SMI  *  Mouse  passage  1  (original  culture) 

SYS26  :  Yolk  sac  passage  26 
SME10  ;  Membrane  passage  in 
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with  equal  ease  to  intrapeitoneal  injection.  All  animals  viere  less 
susceptible  to  percutaneous  applicAtioh  of  vihdlbht  ^UL1' t  Applied  pef- 
cutaneously,  a  dose  one  million  times  greater  than  the  subcutaneous  dose  was 
required  to  kill  rabbits  and  guinea  pigS)  while  in  the  case  of  mice  the 
percutaneous  dose  was  100  times  greater  than  the  subcutaneous,  indicating  a 
species  difference  in  the  degree  of  protection  aflorded  by  the  skin. 

The  intranasal  dose  for  mice  and  guinea  pigs  vas  approximately  the 
same  and  was  about  100  times  greater  than  the  subcutaneous  dose.  Respiratory 
challenge  in  the  cloud  chamber  indicated  that  the  ED™  dose  was  11  organisms 
for  guinea  pigs,  1  to  2  organisms  for  mice  and  1000  Bo  10,000  organisms  for 
rate.  The  figure  for  rats  is  only  approximate  as  it  is  based  on  one 
experiment . 

Rabbits :  Rabbits  were  the  only  animals  on  which  intraocular  and  intravaginal 
titrations  were  made  and  the  JjD™  by  both  these  routes  was  about  1000  x  greater 
than  by  the  subcutaneous  or  intfaperitoneal  route.  The  animals  inoculated  on 
the  conjunctiva  with  10“^  and  10”  dilutions  of  "UL"  developed  a  watery  dis¬ 
charge  from  the  inoculate^  eye  on  the  2nd  and  3rd  day  alter  inoculation.  The 
two  animals  given  the  10**^  dilution  developed  small  yellow  nodules  in  the 
conjunctiva.  "UL”  was  isolated  from  smears  taken  from  the  conjunctiva  of  these 
two  animals.  The  four  animals  inoculated  with  10  ^  and  10“^  dilutions  of  "UL" 
died  between  four  and  six  days  after  inoculation.  All  of  them  had  lesions 
of  "UL"  in  the  spleen  and  liver.  The  animals  challenged  with  10“b  and  1CT8 
dilutions  of  "UL"  showed  no  evidence  of  infection.  The  above  experiment 
strongly  suggested  that  the  route  of  infection  by  "UL"  was  through  the 
conjunctiva.  It  was  possible,  however,  that  there  could  have  been  a  minute 
opening  in  the  lacrimal  puncta  which  had  not  been  occluded  with  the  cautery. 

The  animals  inoculated  intravaginally  with  the  10~^  and  1C~E  dilutions 
developed  nodular  yellowish  lesions  in  the  vaginal  wall  and1  disd  within  6 
days  after  inoculation.  Both  rabbits  showed  typical  "UL"  lesions  in  the 
spleen  and  liver. 

Cotton  hats;  One  subcut, aneous  titration  was  carried  out  on  20  cotton  rats 
which  seemed  to  indicate  that  they  were  almost  as  susceptible  as  the  guinea 
pig,  rabbit  or  mouse.  They  were  net  as  resistant  as  vhite  rats. 

Monkeys:  A  virulence  titration  cf  "UJ'  in  Hacacus  rhesus  monkeys  was  carried 
out  to  determ_ne  the  susceptibility  of  this  species.  Two  data  obtained 
were*  to  be  used  later  in  studies  en  vaccxn  .ted  and  streptomycin  treated  monkeys 
challenged  with  "UL".  The  animals  were  young  1.  rhesus  monkeys  from  India 
weighing  to  5g  lbs.  They  were  in  a  poor  state  of  nutrition  but  had  no 
apparent  illness.  They  were  injected  subcutaneously  with  1  ml  of  the  sus¬ 
pensions  as  indicated.  Table  XV  suirmariaes  the  results  and  Figure  5  shows  the 
blood  picture,  blood  culture,  and  temperature  record  of  one  representative 
animal. 


all  monkeys  showed  elevated  temperatures  2U  hours  after  challenge. 
Objectively  the .monkeys  all  shewed  the  same  series  of  clinical  signs  con¬ 
sisting  of  a  swage  of  irritability  characterized  by  vigorous  physical  and 
vocal  resistance  to  handling.  LaUr  they  shoved  subnormal  activity  and  sat  in 
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.  Normal  K.  Rhesus  Monkey  Challenged 
Subcutaneously  With  10,000  LD™  of  Virulent 
"UL"  Strain  S 
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TABLE  XV 

Subcutaneous  Challenge  of  5  M.  rhesus  Monkeys 
•with  "Ol" 


Monkey 

Challenge 

Viable  Orgcanisms 

Day  of 

No; 

Dilution 

in  Challenge 

Death 

33 

10-0 

2,030,000,000 

3 

70 

10-2 

2,030,000 

4 

69 

10-4 

203,000 

5 

68 

10-6 

2,030 

6 

72 

10-8 

20 

7 

their  cages  with  thoir  heads  between  thoir  knees.  This  was  followed  by 
noticeable  weakness  progressing  to  extreme  prostration,  which  sometimes 
persisted  for  12  hours  before  death.'  During  this  latter  stage  the 
temperature  and  blood  pressure  fell  to  subnormal  levels.  Frequent  chills  • 
occurred  throughout  the  disease.  Most  animals  did  net  eat  during  the  last 
24  to  IS  hours  of  life,  although  seme  did  pick  up  food  and  nibble  at  it 
half  huartedly.  The  heart  beat  remained  forceful  up  to  the  end,  Respiration 
became  slow  and  irregular  before  death.  No  convulsions  were  notod.  All 
monkeys  developed  grey  pallor  of  the  face  about  48  hours  before  death.  This 
occurred  at  a  time  when  the  monkeys  were  still  active  and  eating  well.  This 
sign  proved  to  bo  the  first  clinical  evidence  of  impending  prostration 
and  fatal  outcome.  Monkeys  #33  ^nd  69  developed  multiple  petechial 
hommorrhages  in  the  skin  over  the  face,  shoulders,  hind  legs,  and  abdomen  before 
death,  A  prolongation  of  the  clotting  time  was  observed  in  the  latter  stages 
of  the  disease.  The  hemoglobin  level  dropped  to  4.8  gms  per  100  cc  in 
Monkey  &69.  This  was  lower  than  the  level  in  the  other  four  animals  which 
dropped  to  only  7  to  8  gms  pur  100  cc,.  Bile  from  Monkey  #69  cultured  at  death 
contained  1800  "UL"  organisms  per  ml.  Total  blood  lipid  determinations 
a  few  hours  before  death  gave  elevated  levels  in  three  out  of  four 
animals,  The  significance  of  this  finding  has  been  investigated  further 
by  Lt.  G.  6,  Pinchot. - (personal  communication). 

Gross  pathological  findings  were  quite  uniform  and  consisted  of 
local  skin  necrosis  without  involvement  of  the  muscles  of  the  belly  wall. 

The  local  lesion  was  not  at  the  site  of  inoculation  but  just  to  the  left  of 
the  umbilicus  in  every  case.'  Regional  Jymph  node  enlargement  was  present 
in  all  animals  and  liquefaction  occurred  in  the  two  animals  which  survived 
6  to  7  days.  Spleens  wert  enlarged  2-3  x,  were  firm  on  cut  section,  and 
in  animals  which  lived  more  than  four  days  there  were  multiple  small  yellowish- 
white  areas  of  focal  necrosis;  The  livers  were  pale  and  yellowish  in 
color  with  a  few  scattered  areas  of  focal  necrosis  visible  in  those  animals 
which  lived  6  to  7  days.  Kidneys  and  brain  showed  no  unusual  gross 
findings.  The  intestines  were  not  abnormal  except  for  3  to  20  small  black 
cysts  containing  clotted  blood  and  a  small  threadworm  in  the  wall  of  the 
colon.  The  adrenals  wore  pale. 

Histopathological  findings  on  sections  stained  with  H  and  E  and 
Gicmsa  were  as  follows: 
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Liverf  Tho  architecture  was  obliterated  except  for  the 
central  veins, ‘  Liver  cords  w  re  swollen  and  parenchymal  cells  showed 
extensive  fatty  degeneration.  Small  areas  of  focal  hepatites  containing 
polymorphonuclear  cells,  nuelcar  remnants  and  fibrin  were  found  in  all 
animals  except  £33  which  died  on  the  third  day  of  the  disease.  A  few 
typical  pseudocysts  filled  with  pale  blue  granules  averaging  0,5  microns  • 
in  diameter  were  scon  in  all  monkey  livers.  They  were  located  in  or  at 
the  periphery  of  an  area  of  focal  hepatitis.  1 

Spleens  Sections  showtd  massive  coagulation  netrosis  with, 
much  fibrin  and  tissue  debris.  Only  the  capsule  and  connective  tissue 
retained  their  staining  properties  in  some  sections,  A  few  psoudocysts 
wore  observed. 

Kidney:  Glomerular  tufts  were  swollen  and  the  intracapsular 
space  contained  granular  debris.  Convoluted  tubules  slowed  cloudy  swolling 
and  slight  fatty  degeneration,  he  necrosis  was  observed. 

Lymph  nodes  shewed  all  stages  of  involvement  from  frankly  normal 
glands  to  proliferation  of  the  germinal  centers,  through  infiltration  with 
inflammatory  cells,  focal  necrosis  and  finally  complete  destruction  and 
liquifac tion. 

Adrenals:  Section  of  the  adrenal  gland  showed  lcs3  of  cortical 

lipoid.  Scattered  arease  of  polymorphonuclear  and  mononuclear  infiltration 
were  seen  in  the  cortex  and  in  a  few  animals  stall  areas  of  hemorrhage. 

The  local  lesion  showed  necrosis  of  the  skin  and  subcutaneous 
tissues  with  scattered  infiltrations  of  polys  and  mono nuclear  colls  in  the 
surrounding  area.  The  underlying  muscle  layer  was  not  involved. 

Sections  of  the  brain  and  meninges  were  similar  to  those  seen 
in  normal  monkeys, 

lung  sections  showed  no  evidence  of  tuberculosis.  A  few  areas 
of  chronic  inflammatory  reaction  were  observed  consisting  of  blood  pigments, 
histiocytes,  a  few  polys  and  very  littlo.  fibrosis.  The  picture  was 
suggestive  of  a  reaction  to  protozoan  infestation,  A  small  mite  was  later 
seen  in  some  of  those  areas. 


It  was  apparent  from  these  results  that  the  monkey  is  me  of  the 
more  susceptible  animals  although  the  number  of  animals  used  was  too  small 
to  enable  one  to  ascertain  tho  minimal  lethal  dose  on  a  statistical  basis. 
Later  studies  with  more  mature  monkeys  sho-wod  them  to  be  nmro  rosistent. 
Lome  survived  the  acute  plwase  and  wont  on  to  develop  a  subacute  or  chronic 
form  of  the  disease  in  which  a  granulomatous  pneumonia  was  a  prominant 
finding.  The  disease  in  monkoys  had  more  the  appearance  of  the  human 
disease  than  is  observed  in  other  small  laboratory  animals.  There  was  on 
ulcerative  local  losion,  regional  lymphadenopathy  with  occasional  sup¬ 
puration  of  tho  glands,  delayed  appearance  of  a  positive  bl  d  culture 
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and  a  late  "UL"  pneumonia  in .animals  which,  received  a  snail  challenge. 

Most  animals  developed  a  panlcUdcpehia  jUst  before  death: 

Chicks:  Young  chicks,  5  days  old)  We!*e  quite  hesistant*  succumbing 
to  a  dose  of  0.5  ml  10  dilution  of  a  T4Q  feuspehsioh:  thicks  which  had 
received  0.5  ml  of  10“*  and  10*"^  dilutions  were  sacrificed  17  days  after 
challenge  and  the  heart's  blood,  spleen  and  liver  tissue  yielded  positive 
and  typical  "UL"  cultures.  Serum  agglutinins  were  present  in  low  titer, 

1:20  and  1:40  respectively.  A  similar  test  was  done  on  28  day  chicks.  Three 
chicks  wore  injected,  one  with  0.5  ml  of  10“^,  one  with  10“^  and  one  with 

10“^,.  The  results  are  as  follows:  the  10“^  chick  died  of  "UL"  on  the  4th 
day;  the  two  remaining  chicks  survived  42  days  at  which  time  they  were 
sacrificed.'  No  evidence  of  infection  was  present  and  cultures  were  negative. 

Dogs:  Five  five-week. old  pups  were  challenged  intradermally  with 
0.1  ml  of  10  0,  10“  ,10  ,10  ,  and  10  dilutions  of  T500  suspension  of 

SM14.  The  pup  receiving  10“u  died  on  the  9th  day  and  the  one  receiving 
the  10”®  dilution  died  on  the  14th  day.  Positive  blood  and  spleen  cultures 
wer^  recovered.  The  remaining  pups  survived  the  challenge  dilutions  of 
10  10“A,  and  10“  ..  Thirty-eight  days  after  challenge  the  serum' from  these 

pups  had  titers  of  1:320,  1:640,  and  1:2560  respectively.  They  were  re¬ 
challenged  b  y  subcutaneous  injection  on  the  38th  day  with  0.5  ml  of  a 
T500  suspension  of  strain  SD2.  Ail  of  the  pups  developed  local  lesions  which 
were  filled  with  a  greenish  gelatinous  mass  having  no  cellular  elements.  One 
dog  developed  a  large  bubo  in  the  right  groin  with  edema  of  the  flank.  This 
dog  was  sacrificed  4  days  after  the  rechallengc.  Postmortem  showed  an  en¬ 
larged  inguinal  node  from  which  a  positive  culture  was  obtained, .  The 
parenchymatous  organs  showed  no  gross  lesions.  Cultures  of  the  heart's 
blood  and  spleen  were  negative.  The  serum  agglutination  titer  was  1:160. 

The  two  remaining  dugs  absorbed  the  local  lesions  without  suppuration. . Twenty- 
four  days  aftur  challenge  they  were  skin  tested  with  0.1  ml  of  "UL"  skin 
test  antigen  and  a  10“'  dilution  of  living  "UL"  and  living  "US",..  Necrotic 
lesions  appeared  at  the  site  of  injection  of  the  "UL"  skin  test  antigen.  No 
reaction  to  the  living  "US"  was  observed  and  minute  pinpoint  areas  of 
erythema  appeared  at  the  site  of  the  living  "UL"  injection..  These  two  animals 
were  sacrificed  31  days  after  the  above  challenge.  There  was  no  gross 
pathology  evident  at  autoposy.  Blood  cultures  were  negative..  Agglutination 
titers  were  1:5120  and  1:1280  respectively. 

Three  normal  8-9  week  old  pups  were  challenged  intradermally  with 
0.1  ml  of  T500,  10,  and  10“*  dilutions  of  "Uu"  respectively.  A  papule 
which  developed  into  a  punched  out  ulcer  appeared  at  the  site  of  inoculation. 
The  regional  lymph  nodes  were  enlarged  in  all  of  the  animals.  Suppurati  n 
of  the  regional  lymph  nodes  occurred  in  one  animal,.  Ail  became  emaciated. 

One  developed  convulsions  on  the  13th  day  and  was  sacrificed.  Postmortem 
examination  showed  multiple  foci  of  necrosis  in  the  liver,  spleen  and  lung. 
Another  pup  was  sacrificed  after  18  days  with  gross  findings  as  above  and 
a  positive  heart's  blood  culture.  The  third  pup  which  had  survived  27  days 
was  then  rechallenged  with  a  T500  suspension.,  at  the  time  of  rechallenge 
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pus  was  aspirated  from  the  old  local  lesion.  This  pus  killed  a  guinea  pig, 
and  characteristic  lesions  were  apparent.  The  pup  did  not  become  ill  but 
developed  a  large  swelling  filled  with  greenish  gelatinous  pus  at  the  site 
oi  rechallenge,  This  pup  was  sacrificed  4  days  after  rechallenge.  "UL" 
was  not  recovered  by  culture  or  animal  inoculation  from  the  local  lesion  or 
the  internal  organs.  Microscopic  examination  of  sections  of  spleen  and 
liver  showed  small  areas  of  mononuclear  and  epthelioid  cells  surrounded  by 
norma  parenchymal  cells  suggesting  healing  process.  Agglutination  was 
positive  at  1:1280  at  the  time  of  sacrifice, 

.  ,  0ae  Si;a11  adult  dog  which  received  1  ml  of  a  T500  suspensio  n 

intravenously  gave  a  positive  blood  culture  5£  hours  after  injection.  Tue 
loud  culture  was  positive  after  23  hours  also  and  the  animal  died  46  hours 
alter  challenge.  At  autopsy  there  was  slight  swelling  of  the  spleen.  The 
kidneys  bulged  on  cutting  and  were  pale.  The  organisms  were  multiplying 
in  this  animal  as  shown  by  the  quantitative  blood  cultures:  180  organisms/ 
at  5 s  hours  and  2.5  x  10°  organisms/ml  at  death. 

.  i  ,  .  0ne  larp  aduit  dog  was  injected  subcutaneously  with  1  ml  of  heart' 
blood  from  a  rabbit  which  had  died  of  "UL"  a  few  minutes  before  the  deg 
received  the  injection.  This  experiment  was  done  in  order  to  check  on  a  G2 

wi?hrr  t  ef^^25haTuthe,GcrJ‘k''-nS,Werfc  studyinb  "UL"  in  dogs  injected 
with  rabbit  blood.  ihis  dog  developed  no  local  lesion  or  regional 

lymphadenopathy  and  did  not  appear  ill  at  any  time.  Blood  cultures  made  27 

native-.  The  serum  gave  agglutination  of  "UL" 
at  1.80  and  of  US  1.160.  Six  days  later  this  dog  was  rechallcnged  sub¬ 
cutaneously  with  1ml  of  a  T500  suspension  of  strain  SD-2.  Ni  evidence  of 

the  dfblllty  np^ea^ed  but  dcvele,  od  a  large  subcutaneous  abscess  at 
the  site  of  injection  which  became  fluctuant  after  2  weeks.  Xnis  dog  was 
sacrificed  16  days  after  rechallenge.  Fifty  ml  of  greenish  serous  fluid 
was  aspirated  from  the  abscess  which  was  sterile  by  culture  and  guinea  L 
inoculation.  Spleen  cultures  and  animal  inoculation  were  negative.  The  in- 

at  1:128??  **  R°  gr0SS  pathol°^  S-rum  agglutination  was  positive 

ao  -  ft  thurd  adult  due’  thc  “cthtr  uf  the  5  week  old  pups  was  bled 

"UL^at  I'M  HerUbloWdrC  At  this  tiw6  her  serum  agglutinated 

hart  htl  >  bu  ?d  culture  *aa  negative  and  it  was  presumed  that  she 

had  become  infected  while  suckling  her  infected  pups.  She.  was  therefore 
rechallenged  by  the  subcutaneous  injection  of  1  ml  of  T>o0  SD-2  37  days 
after  challenge  of  the  pups.  She  was  sacrificed  7  days  later  and  no  gross 
pa  ology was  evident  at  autopsy.  Blood  cultures  were  negative  and  the 
serum  aggluoin.ition  was  positive  at  1:320. 

The  data  presented  above  shows  the  dor  to  bo  relatively- 
o"UL"  infection  with  c  nsiderable  individual  variation  in  sus edibility. 

tiatsi  Since  it  Mas  proposed  to  use  rats  extensively  for  various 
tests  and  cxpccially  ior  tostint  the  efficacy  of  vaccines  it  Ins  necesslj 
to  determine  the  susceptibility  of  this  species  to  infection  by  various’ 
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th^'did  IfS,'  S!’°,,ed  resistance  to  all  routes  of  infection  tested 

or  chicks  P1S!  °f  raBbit3*  l,ut  vore  m“‘‘e  susceptible  than  dogs 

bLme^roor,  isf.  T \  sl«“P‘J»le  when  injected  intrapefitoneaily  and 

bv  the  S  t  ^  0!S  susc°Ptible  as  the  organisms  wore  administered 

Althoc-h  »  r°“S;  .  intranasal  and  percutaneous  hut™ 

f  t*?,  W  *'?>»'**  3urvived  ^  showed 

slunrish  and  l  at  w  '■  J?  C^^1Cn®°'  ^U'~  coab  uas  rufllod,  they  wc-fe 

u&tish  and  lost  weight.  The  minimi  infective  dose  was  less  than  the 

tw!2n  fo  S  o?  !SSh  hSJ^I  b“n  dtiternlned  exactly  it  is  probably  be- 
nf  .  f  01  f  10  and  10  V  dilution  of  the  T40  suspension.  Ihe  presence 
the  fft1"11  "“w  ascertained  in  a  group  of  rats  which  were  inJcctedVth 
the  dilutions  shown  in  Table  XVI.  Twelve  rats  per  dilution  «e«  used,  2  tc 

shewn  in  T  e  ”VI  Thb°in£  Sa.criflc3ti  on  «*  3rd,  6th,  and  l5th  day  as 
path  a.,,  o*t  .-be  rfcJJaining  animals  died  or  were  sacrificed  on  the 
28th  day.  Hats  sacrificed  at  the  various  intervals  were  tested  for  the 

and^rinfoti1^  hnf°fiK?  b?  CUltUrin£  spleen  and  hearts  blood  on  DCBA 
Gflrh  *  fiaj  tln£  ^arts  blood  and  supernatant  from  macerated  spleen  into 
each  of  four  nice.  ILuse  injection  of  the  caceratod  rat  spleens  was  the 

Thetresu?ttir^*aefcl10<!  fu  detectin^  "UL"  '  nd  these  data  ar/ahown  in  Table  XVI 
The  results  indicated  that  the  rats  challenged  with  10^  throu,.h  ^ 

10-5tihrourio-71^nfeCit"d  WhGn  ®IUained  00  the  6th  da«v-  In  dilutions  of 
the  28)- h  dsv  oc  lh°  Jf1!0?/1111  containad  organisms  on  the  15th  dav.  On 
»UI "  n  f  5  r  ^  f  reCGived  1  ml  of  10"$  dilution  were  sacrificed. 

mlLrinf^ivi  do°se“  Thf  ^  Z  ^ 

mouse  LD^  and  DCBa  plate  count  are  shown  in  Table  XVI.  50* 

i  Alter  rats  have  recovered  from  an  infection  they  resist  10  000 

aLsTi^s “5Q  d0S?3-  Ihis  I™***"'  lects  at  ieas?™  2f° 

Almost  100$  of  rats  recovering  from  a  challenge  dose  continue  tv  tvr-K  ’ 

orpaaisms  in  the  spleen  fur  15  days  as  shown^  mcuse“iui  of  ^ 

fection  f  U1Ce?\  ^Ur  WeCkS  afUr  challtnge  the  presence  of  latent  in¬ 
fection  could  not  be  demonstrated. 

vpn,  , _  ,N“rmal  rats  challenged  with  a  moderate  dose  of  organisms  had  a 

i  1  ✓  rt  /. 


-----  niuer  up  CO 

titer  of  1:640  and  tw^j  of  1:80  and  one  of  1:160. 


At  the  end  of  28  days  the 


(Se^^e  U^luun  1,160  “  3  33  2  ^ls. 


ssm V 

mted  chicken  eggs;  that  the  virulence  of  different  strains  of  the  ort^' 

i 
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for  eggs  was  of  the  same  general  order  as  for  mice  or  rabbits;  that  serial 
passage  in  ernbryonated  eggs  did. not  materially  affect  the  tirulence  of  the 
strains  used;  that  the  organisms  multiplied  most  abundantly  in  the  yolk  sac. 

The  results  on  the  Vkriolis  rotlthC  of  infection  of  animals  showed  that 
"UL"  was  infective  by  all  the  routes  tested  and  that  in  general  the  smallest 
dose  was  required  for  subcutaneous  or  intraperitoneal  infedtiohi 

The  susceptibility  of  the  animals  used  varied  with  the  species,  the 
dog,  chicken  and  white  rat  being  most  resistant;  the  mouse,  hamster,  guinea  pig, 
and  rabbit  being  least  resistant  and  the  cotton  rat  and  monkey  being  somewhat 
more  resistant  than  the  rabbit  but  less  resistant  than  the  white  rat. 


C.  Survival  Experiments 

1.  Cloud  Chamber  Studies 

Cloud  chamber  studies  were  carried  out  to  determine  whether  "UL" 
would  withstand  the  oxidation  and  drying  of  nebulizatioh ,  and  whether  animals, 
could  be  infected  by  exposure  to  such  a  cloud. 

Preliminary  studies  were  done  by  the  B  Division  workers  with  apparatus 
designed  and  assembled  by  Lt.  Pinchot  (Chamber  A),  Later  studies  were  done 
with  Dr.  Henderson  using  the  Brilish  cloud  chamber  (Chamber  B).  When  Dr.  Rose- 
bury's  cloud  chamber  (Chamber  C)  building  was  ready  for  use  the  cloud  chamber 
studies  were  taken  over  by  tha  A  Division  "Ul."  group. 


a.  The  Pinchot  Apparatus  (Chamber  A) 

Preliminary  work  by  the  B  Division  was  carried  out  as  follows!  A 
Darby  type  atomizer  was  employed  to  nebulize  the  test  culture,  suspended  in  a 
solution  of  1($>  gelatin,  egg  yolk  or  physiological  saline.  The  cloud  was  drawn 
into  a  drying  chamber  and  mixed  with  atmospheric  air,  then  passed  into  the 
animal  box  or  by-passed  into  bubbling  samplers  containing  saline  or  peptone 
broth.  The  number  of  organisms  caught  in  these  samplers  was  determined  at  the 
end  of  the  experiment^  The  exhaust  was  passed  into  an  incinerator.  The  whole 
apparatus  was  operated  under  a  negative  pressure  of  2  cm  of  water.  By  measuring 
the  air  flow  per  minute,  the  number  of  organisms  recovered  in  the  sampler,  and 
the  time  of  exposure  of  animals,  an  approximation  of  the  CT  (concentration  in 
mem  per  cubic  meter  x  Pi**16)  in  animal  box  was  calculated-  In  these  cal¬ 
culations  it  was  assumed  that /lOy  organisms  would  weigh (l  mgm. 


When  the  above  mentioned  fluids  were  used  as  suspending  media, 
gelatin  in  a  final  concentration  of  3« 35°  proved  to  be  the  best.  Recovery  was 
3-5%  of  the  n'lnbei  nebulized,  as  determined  from  the  volume  and  count  per  ml 
of  the  suspensiou  sprayed,  ^virulent  strain  3$  could  not  be  recovered  under 
similar  condition cf  dispersal  and  sampling. 


Mice  pl&i>*rTx  the  cloud  chamber  died  following  exposure  to^^, 
values  as  low  a/o7o018J  or  calculated  to  1-2  organisms  per  mouse.  Mice  ex- 
posed  to  greater^iwKt^concentrations  developed  multiple  foci  of  infection 
beneath  tie  visceral  pleura  and  scattered  throughout  the  substance  of  the 
lung,  indicating  that  respiratory  infection  had  taken  place.  One  immune 
mousi  which  h  .d  survived  chailcn.  c  ;fur  vr.ccin  tion  and  subsequent  re- 
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TABLE  XIX 

Guinea  Pig  Emoeure  to  Respiratory  Challenge  in 

Chamber  3 


Experiment 

Number 

Dead/Tested 

Estimated  Challenge 
Dose  of  Organisms 
per  Guinea  Pig 

Organisms  per  liter 
of  Cloud 

CT** 

5 

20/20 

1000-6000 

7200-40,000 

0.006 

6 

10/10 

4000 

28,000 

0.002 

7 

10/10 

05 

188 

0.0005 

0 

7/10 

45 

312 

0.00024 

gA 

8/q 

20 

130 

0.00013 

8B 

8/10 

12 

82 

0.000085 

10*** 

1/5 

10 

67 

0.000062 

*  The  numbers  of  the  Experiments  correspond  to  those  of  Table  JCVIII 
**  CT:  Mg  x  min/M?  ,  assuming  that  1x10  organisms  weigh  lmg. 

***  ”111"  recovered  from  srleen  of  one  guinea  nig  sacrificed  ten  days 

after  emosure. 
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challenge,  reaained  woil  after  exposure  in  the  clouci  ckdobteb  to  CT  values 
oi  u.  5.  These  results  are  summarised  in  Table  XVII. 

b •  The  Henderson  Apparatus  (Chamber 

with  f'u  nIn.  and  Tabl°  xIa  we  have  summari aed  experiments  dene 

Li!ltrifi;Sh  cloUd  Chamber  apparatus  (Chamber  B).  Throughout  these 
experiments  the  apparatus  was  operated  by  Ur,  Henderson,  Lt.  N.A.  Johnson 

cormn^f t cc-Wor^®f 3 *  A  description  of  the  apparatus  and  details  con-  . 
cermng  its  operation  are  to  be  found  in  BDP  reports  #10«3)  and  #13*24). 

of  "MM Ur6S  °f  ^i3  apparatus  deserve  ^vorable  comment.  The  absence 
itself.  nfectl°n  auong  the  cPer?-tors  during  10  separate  trials  speaks  for 

Throughout  these  cloud  chamber  experiments  the  following  factors 

duHninnSUe3t°^  <a).Se  of  the  vdthintL  nobin  Jr 

disnpr«,«fS  operatlon>  (b)  what  factors  influence  the  viability  of  "Uj-"  when 
dispersed  as  an  aerosol;  (c)  what  information  can  be  obtained  regarding  the 
infection  01  animals  with  "Un"  via  the  respiratory  tract. 

f  i  knoVvn  that  a  certain  amount  of  destruction  of  bacteria 

takes  place  within  the  nebulizer  during  operation.  This  is  influenced  tc 

2™  * th?  SS tf  Uquid  ln  *dich  the  "  S 

The  cell  counts  of  UL  suspension  prepared  in  several  media  before  and 

or  nebulizing,  together  with  the  per  cent  survival  of  "UL"  in  each  inst-anne 

'eh16  fni'ltThe  ■«  -sit  'rU  ta  7  2  to 

n  M  !  '  The  best  results  were  obtained  when  "UL"  was  suspended  in 

0.5#  saline  containing  dextrin  and  0.5#  normal  human  serum.  On  three  ' 
occasions,  using  the  above  solution,  over  95#  survival  of  C*  was  recorded, 

stabilitv  If  «mJeflXVIIVre  inc;Lu?ed  data  relatin6  to  the  question  of 
,  stability  ox  UL"  aerosols.  Most  information  here  is  gained  from  inspects  n 

o  e  column  of  spray  factor®.  These  range  from  0.05  x  10~°  to  0;78  x  10“b 

neighborhood'of  **  ?*’  ln  the  '  ' 

in  a  "UL"  cloud  die  quicLy  upon  JiS“  (ThTcstoUdU^cSory 
for  an  organic  to  pace  from  the  nebulioer  to  the  improper  is  atouH  secoL  ) 

spLy'facto  0^8  r$T  ln4h8  futUrC  ls  that  the  hi^‘ 

mn)s:^ cMcride  ™  <*■»*  &**•*** 

experiments.  From "the  result  !S  “r  five  of  the  chamber 

fatal  infection  in  S  “  TfJe  ^  i-  evident  that  a 

In  experiment  10.  Table  XIX  "no "deaths  ffV'-*S  12  0 nanisms, 

ten  day  period  f.J  living  exposure  Thr'  ributod  "Uij”  occurred  in  the 
were  sacrificed,  vntJ  cuJturt'd  appeared  well  and  accordingly 

and  the  pathogenic:.^  of  h  ^c ^  V  d  °f  these  ^ 

inoculation.  In  vi/w  of  the  Wgh  ^ce °°USe 
pig  was  counted  as  -•  fatality.  ’  ^  ^  tuJnec*  -n-£s  to  "UL"  this 
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Since  the  CT  is  the  standard  CVS  iftethod  for  expressing  the  cloud 
concentration  of  a  BW  agent  v<e  iiave  calculated  the  CTs  of  "UL"  in  these 
particular  experiments  in  order  to  provide  easy  comparison  with  the  CTs 
of  other  agents.  We  do  not  feel  that  the  CT  is  a  very  accurate  method  of 
expressing  the  effectiveness  of  a  BV.  agent  at>  an  aerosol.  The  calculation 
of  CT  is  based  on  the  assumption  that  1  x  10*  '  organisms  weigh  1  mg.  In¬ 
asmuch  as  a  particular  CT  is  arrived  at  by  first  actually  measuring  the 
number  of  viable  cells  pEr  given  volume  of  aerosol,  it  is  just  as  easy  and 
perhaps  more  accurate  to  speak  of  the  effective  concentration  of  a  BW 
aerosol  in  terms  of  organisms  per  liter  of  cloud. 

These  findings  suggest  that  a  lew  salt  content  of  the  suspending 
fluid  favors  survival  in  the  cloud.  The  best  stability  in  the  suspending 
media  studied  was  obtained  with  2$  dextrin  in  0.5$  saline  plus  0.5$  normal 
human  serum.  Guinea  pigs  inhaling  as  few  as  12  organisms  succumbed  to  "UL" 
with  pneumonic  lesions  and  septicemia. 

These  cloud  chamber  studies  were  exploratory  find  the  results 
obtained  are  not  considered  final.  They  do,  however,  indicate  that  the 
respiratory  infectivity  of  "Urn"  for  mice  and  guinea  pigs  is  of  the  same  order 
as  thcat  observed  following  parenteral  challenge.  These  preliminary  results 
further  indicate  that  "UL"  is  relatively  unstable  when  nebulized  under  the 
conditions  studied,  and  emphasize  the  need  for  a  thorough  study  of  sus¬ 
pending  media,  types  of  nebulizers,  improved  impingers  and  impinger  fluids, 
and  the  development  of  standardized  equipment  which  will  permit  study  of 
the  effect  of  relative  humidity,  temperature,  oxidation,  and  time  on 
survival  of  organisms  in  the  cloud. 

2.  Storage 

The  studies  on  the  survival  of  "UL"  on  storage  were  begun  by 
the  B  Group  before  the  A  Group  was  activated.  Eventually  the  A  Group  took 
over  this  part  of/^e  work  and  the  details  of  their  work  are  given  in 
Special  A  Report/  The  results  reported  below  may  be  considered  as 
preliminary  and  exploratory. 


Certain  specifications  were  recommended  by  Lord  Stamp  regarding 
the  bacterial  count,  stability  under  certain  conditions  of  storage,  and 
physical  state  of  the  material  which  was  to  be  dispensed.  A  minimum  count 
of  10  1  virulent  organisms  per  ml  was  considered  necessary  for  effective 

use  in  a  BW  munition.  The  material  should  be  stable  at  this  count  for  at 
least  two  tc  ohrec  months. 


Ace -.2 ding  to  the  Munioicns  Division  of  Camp  l.etriok  it-  was  de¬ 
sirable  that  the  material  be  stable  in  the  dry  state  and  at  the  fluctuating 
temperature  of  cut-do.  r  air  Disp.-.rsal  in  the  ok  is t  state  was  considered 
possible  but  was  c  nringrnt  <  r.  the  development  of  scitoblc  munitions;  On 
the  other  hand  the  difficulties  of  loading  rnuniti  nr  with  highly  infectious 
agents  in  the  dry  stato  w-  uld  probably  be  very  great.  0!ni  usly  an  agent 
which  was  stable  only  und.  r  lowered  and  constant!  temperatures  was  less 
desirable  than  ono  stable  under  fluctuating  temperatures. 
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(»)  of  PrtnaMly  tcwrd  Hudies, 

and  (b)  of  conditions  for  J?  ^ry  large  numbers  of  organisms  per  ml; 
of  ortanlLs  »1,lch  *cad  Pr  eae™  the  rnxiaun  nanber 


li^d  :?::,oT6  t  an<!  in 

account  attained  as  showA  by*  a  Kreat 

outlined  b^^X^C  V"**  a°iU  ^  Cjndltil’nS 

broth  uediuLi  distributed  in  3  Uter'or  icn’it^Yt  “fv,  pe£tone 
blasks  or  in  20  liter  cnrb(  v<,.  tu._  1  7Jt''r. luts  ln  6  liter  Florence 

containing  sufficient  organisms  tr  nr  ■'noculated  V;ith  y°ung  cultures 

per  ,.a;  the  flasks trHST at 3^cf T*  *  10  "imo" 

after  vie  knew  the  best  conditions  0,8  lmUal  n'“bors 

a*  Lyophilizatlon. 

below  was  **“  ^™ls  reported 

the  pressure  to  K  ilStoTSSStT’  U  W 

vials,  shell  frozen  under  thn  Prn,Kf.'  tes*  The  material  was  dispersed  in 

sealed  under  vacuum,  under  nitrogen  Jfophilizatitn 

respective  tables.  L  in  alr  S  lrKJ-cated  m  the 

on  bCBk.  %  SteSnSaX?r^th  *  "?*  01  etrains  e*« 
milk  before  lyophilizaticn  tf  suspended  ln  sterile  skim 

lyophilization  and  stability  under  storage^ ItTcJfV  “?  T* 

L  at  0  C  are  shown  in  Table  XX. 

Dieck  Showing  the  best  au^vival  £Tl?r  P°f  ldth  a11  strain^ 

interest  that  on  continued  storato  in  'thdlyophSiTed staCTh' •  IV"  U 
progressively  decreased.  Under  identic?  1  ^  ^dU  the  vlable  count 
culture  of  "Kin  showed  100S  sum  va-  n  5  preparation  a 

that  the  lack  of  stability  of  "Ui"  was  traccabli ^  ""t  thoS°  results 

and  not  to  the  technic  used.  After  45  days  st  r've  fi,  iST?*  &°cUitJr 
that  it  was  jonuederod  owesossir*  to  continue  th  .  J**  St  t**-' 

not  enough  d.lf£ urea-  between  the' 'strains  t  rttuTr  l'  v:v  "'S 

continue  stud’  vi.  v.y  s.fJ0  <f  tlvm.  '  U  '  tf,,h  Khlle  ,to 


renditions' ttllS  U  TnhTT'’5’  L™  tK 

Bilk  as  before  q,c,„„  /-  ft"""  ln  Tablc  a  ^  in  skin 

frozen  in  li^.l  Z  ^  ***  *11 

and  Wert  iyoohiii  zed  ,1  -a.r.,  tuv’peraturo  and  ‘ at  tl'l tttth't'Crl’ 
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TABLE  X£ 

Survival  of  Six  Virulent  "TIL"  Strains  After  Lyophilization 
In  Skim  Milk  ai;  pH  6. 5 


<x  Survival  after  Lyophilization 


Culture4’ 

Original  Count/rl 

3  days 

20  day  8 

45  days 

Scherm 

17.4  x  10° 

o„o4 

0.003 

Carr 

25.1  x‘10° 

0.05 

O.Oonno4 

Holt 

18,0  x  10q 

0.001 

Coll 

35.?  x  10° 

0.01 

0.0O0001 

Dieck 

43  ..2  X  10^ 

0.18 

0.004 

Camp 

38.6  x  10Ct 

0.0" 

0.0002 

*  Vials  were  vacuum  sealed  and  stored  at  6°  C  after  lyophilization. 
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All  Vials  stored  at  *f6°  C  alter  processing. 
Percent  survival. 


secret 


then  stored  at  6®  c  ^ 

rapid^  than  did  til  Lh£  “Ch  “°re 

liquid  air  and  .T^ 

at  -10°  C.  The  LtLialLwon \  frerfe-a!'arf  ^an  when  lyophilized 
better  when  dried  at  -10°  C than  when'Yh^  th°  ftur*ers  of  organisms 

cases  survival  was  not  .acre  than  flV^  ^  roen  tmperature.  In  all 
fere  entirely  iunractical  nn  t-h,  eh,-  ‘‘t.  r  lyophilizatj.cn  and  there- 
results  of  lyophiUzaticn  ,  f  t  *?  ?  =‘“"*rds.  In  contrast  to  the 

Placed  in  the  ice  cabinet ’at  /  6®  ^T*"*  V  ?ealed<  and 

after  28  days  storage.  *  °  L  '3  P  cent  survival  when  counted 

"UL"  er.^n^n^^Jnf  ir^deH r2t  i  *  co:ipa7iscn  of  the  survival  cf 

lyophilized  state!  Thes!  S"!  c  S!r  f  **«**—  °r  *»  «» 
ments  r.a,,,c;-,  that  W  survives  betLr  T**’ 

lyophilized.  Other  exnprir-iontc  n  at'recl  fiCZen  than  when 

that  peat  or  ascorbic  acid-gelatin  infl'L&?m’S  and.  here^ve  failed  to  show 
experiments  have  confirmed  the  results  ,Nmerous 

when  dried  in  ascorbic  acid  reinHn  •  ,  taat  dw  survives  well 

A  and  B  •««*,  by  the 

did  not  survive  well  -wW  t  “  v  ^  survival  shewed  that  "U-" 

survival.  the  ccaciltlcns  that  were  favorable  for  "US" 


d;  SLirviyal  in  the  hoist  St.nf.o 

with  the  inrs^r'o^h0re,f CUlated  by  "V  th*  yok  sac 
on  the  third  day  »  r  d Wd  inl\  SL**!  “  ''“ch  «»  «*»0,  died 
at  -4  to  -6°  C  and  J  T  3  ^  &fcorod  in  the  shell  at  -U0°C 

before  storage  “d  ^UonVnTbTni\- 1  «s  >'ere  harvested  ’ 

Elate  count,  and  unnJfSt  TtgZ!?*  3°^ 

on  the  stored  eggs.  At  interval-  o  w  t  Wo  epps  5erved  as  controls 
lot  and  counts  Lade  as  above  f  6  ?  *71°*^  frcra  each  stored 

expressed  as  colony  counts  on  DCB/  nl-tes  ^  ,  8  glVG  th°  surviyai  time 

results  qHmi  h,  i  u  .  Px,-tcs  and  as  r, louse  LD  nor  nl  tv, 

results  show  that  when  tested  after  ^  davs  -na  A  50  per  Iai*  ^ese 

surviving  at  -/,0U  c  and  I  0  t  lo  J  d  f  ",)r  56  aa*vs  the  numbers 

rapid  and  progressive  L LI  ln°  1  °  T’  *!*  ^re  was  a 

at  room  tonne  ■■'.at  ur<-  The  LcT'eas-  \  '  nLun  ors  oP  crgani?ns  in  eggs  stored 
shc,:„  by  plats  coul  ^  « 

a  no  use  Tj>  ’r.d;ca-.jn:.  f„  t  i.L  r0  famsts  required  to  give 

was  rarj  nt-siued.  "  '  '  ■  r^-t  surviving  organisms 


When  "Up¬ 
time  there  wr-j  a 
organisms  as  stc..n 
by  thawing  ihe  ir  : 
techni  c  knoi.n  to  ,  h 


'•an  "\j  1  organisms  v.erc  stored  in  the  f~-  ?P,  ■ 

e  A  i-'  -gr.ssi.o  chon  in  total  nu;aber L-  ?V ^  ?  Pfriccl  of 

“  ah*''  Mment  above,  *  thv  rL  A  ^  , 


ccuin  nee  b-  -•w.cr-.  t  kv  n„. 
o  -00  ,c,s.  fa  stub.,  is  -Up,,  liro;;  g';  : 


1  storage  in 
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Ic  ans,,er  tMs  *•»«<•»  ‘he  following  investigation  was 

t 

etgs  represented  in  Fi^n-sT  V'°f  J0Ir?’letRd  on  frozen 

av.av  in  a  cole  hex  A  *  V/o  1  U  “  w'e  Iac'ed  specimens  were  put 
specimens  were  miovL^W  fL  ,  -  t  J'nter'vf  L‘  *ter*fter  these  name 
^50  values  arc  given  in  4bU~nm.  un(1  VCCuUntei‘  The  raouse 

of  virulent  "UL^decr&ts^S  abtit'^l 1  Jf  A-^t  of  5  et;gs  th'3  nuMbers 

«—  and  at.,rS  Lther  af A  4  “  £  *  f  *•  ?« « 

S.1SK  f 

and  continued  Horace  in  the  liquid  *******  b? 

ewpensieTor'w'iraP  eelati'4'8  eSW’J,0f’  as'S  ll00n  neuoveitand  a  heavy 

rr*  £  tvi  fo«CKint 

Cea„fs"rblC  ^ 

organisms  to  be^ent Cults  4 44 -°T  *“•*  »  ^  ™*f  «f 
tenpernture  showed  no  survivals  in  Vn’-” camers^CW  3  “J4’/  — 
storage  at  ice-box  tenDer-tiir*  ~y i  ,  unLs  raade  after  J  v-eeks 
eta  mterianjc— c “if  -rviva  oi  «(,  in 
acid,  in  brass  filings  and  in  Fli  n  i  -  sp  ndoa  ln  tela  tin  and  ascrobic 

glycerine  survived  best  alone,  or  when  suspended  in  basic  pent  h  r 

EtibU  *  Lt  ~l 

forming  .  oatP”  .SSt^b^“t,,fth‘t,tabuf“  *»' 

appeared  to  imp-eve  stabilitv  ,»  ,h  -tamsm.  storage  in  egg  yolk 

content  of  the  4k.  ^ho  crfanisl  “f  tev*  ^  tecause  <*  «»  ftt 
ether-soluble  and  aicohol-soi4t44ni44lhT ‘V‘lth  COntif‘  r,f 
an  experimental  annual  "UL"  was  nnt  i '’.'u  pdaced. cn  the  skin  of 
disinfectants  within  10  seconds  after*  y  C'  ^  ‘  y  appU  cation  °f  strong 
organisms  penetrated  the  shin  ■  ithin  ’0  pCSur®'  dls  sufSGeted  that  the 

or  else  they  were  protected  from  the  kilK^  cticn'S 

some  secretion  cf  ‘he  skin  in  n  t- ■  f  '  '  ^  1  n  ci  disinfectant  by 

fatty  rubst,.:4  4  “;.u4 ,;u(,e  ‘he  effect  of 

v»  id,.  y .‘i!i  fcrah  °j;tu-e  -..as  «i,wi  u. « ;J  ■  ljth 

„  0a"  '•  -  c  t-ru-nons  and  strre^  a+  r-rr-  -,r.i  ,  >.  •  ,  ‘ ,  ns  V  J-th 

Counts  were  a'  weekly  •:  .  u ,  4' ‘  "  "  “  an  t;  '  1-,'‘  Jox  temperature. 

tested:  „(M  ooiPs'h'  o,Z;t '  were 

lanolin,  tnu  akc  ,x  '!.•  ’  f*nerfl1  '~nJ  swt„r  o.  is,  lord 

tissue,  '  ou  -nt  ,a  pi/  ait  ?,m  .  .iv'  r  •  nd  adipose 


“  on-'-ro  cf  tm. 


shewn  in  Figrve  9  in  vhxch  the-  result 


r  eiU-ets  oi  *.)j  js  t  t  >.  or  nine .  it  j 


s  oi  "UL1'  store/ e  in  C 


m  y^,o  soya  bean  oil 


SECRET 


WEEKS 


SKHtmflll  dO  001 


WEEKS 


) 


■■BBBBBBBBBBaaiBBBBiBBB 

iiiii! is!:!::!::::::::::::::::::::: 

luifi  bbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

sis::::::::::!::!:::::::::::!:::: 

sssssssssi:!::!:!:::::::  ! 

iiiaaaa  ■■■■■■■■■■  ■■■■■■■■■■  ■■■■■■■■■■ 

I!!*£S:s!!!!!!!!:!:!!!::!!!:!:::: 

ssssssssssss: 

SSSBEsss:::::::::::::::::: 

Ihsssss:::::::::::::::::::: 

■s555i!!::::!?::is:::!s:: 

iMaiiaiiiSIi . . 

Is::::::::::::::::::: . :::: 

ISsisssss:::::::::::::: 

-  SSSSCm*  JMI.k.a  ■■■■■■■■■• 

IBBBBBBBBBBBBaBaBBBaBBaBBaB»BB»aaaaBB 

l  ■■■&■  aaaaaaaaaa  aaaaaaaaaa  mm1111 

i.'ssr::::::::::: :::::::::: :::::::::: 


!■■■■■■■■■■■■■■■■■! 


::::::::::::: 

::::::::::::: 

::::::::::::: 


■■■■■■■•I 


■■■■■■■■■•■■■■■■■■■a 
■■■■■■■■■a ■■■■■■■■■■ 


aiaaaaaaaaaaaa< 

aaaaaaaaaaaaaa 


ISSSaaaaS! 


HmaaaBBBBBBaaaaa 

■•••■•a* . . 

Mpaaaaaaa aaaaaaaaaa 
■aaaaars aaaaaaaaaa 
haaaaaaa aaaaaaaaaa 
Haaaaaaa  aaaaaaaaaa 
■gaaBaaa aaaaaaaaaa 

,aaiuaa*Ba«a«aa*ua 

. . . . 

UGaaaaaa  aaaaaaaaaa1 
Klaaaaapa aaaaaaaaaa 


laiaa  aaaaaaaaa . aaiaal 

HVfVlaaaa aaaaaaaaaa aaaaBBaaaa I 

:ssi:H:  ssssssssss 
s::::::::::::::: 


J 


us  plate  counts  on  all  eg^s  gave  close  correlation  between  numbers 
ms  and  LLvri/ml 


SiXSiJff 


are  shown.  Of  all  the  substances  tested  best  results  were  obtained  with 
soya  bean  oil  and  with  lanolin  although  neither  of  the  "carriers”  promoted 
better  survival  than  that  observed  in  the  dohtrol^  (peptone  broth  only}. 

It  would  be  of  interest  to  pursue  further  studies  vdth  laholin  because  of 
the  information  it  night  give  on  the  mechanism  of  skin  ponetrationi  'The 
storage  and  survival  experiments  vere  taken  over  by  the  A  bivision  and  no 
more  work  was  carried  out  by  the-  B  group* 

In  summary  of  the  preliminary  B  Division  work  on  storage  of  "UL" 
the  following  points  cun  be  stated:  (1)  "UL"  did  not  survive  the 
lyophilization  process  in  sufficient  numbers  to  be  practical;  (2.)  quick  and 
slow  freezing  both  caused  a  drop  in  numbers  of  organisms,  although  rapid 
freezing  appeared  to  be  loss  destructive  in  one  experiment;  (3)  "Uo" 
survived  poorly  when  stored  in  the  moist  state  at  fluctuating  room  temper¬ 
atures;  (4)  best  survival  was  obtained  in  liquid  peptone  broth  culture 
or  in  embrvonated  egg  cultures  stored  at  ice-box  temperatures;  (5)  no 
method  of  'storage  tested  gave  survival  adequate  to  meet  minimum  BL  munitions 

standards. 

c.  Electron  Microscopy  of  "U^11 

A  recent  report  on  the  morphology  of  "UL"  by  Hesselbrock  and 
Foshay  (75)  suggested  that  a  study  carried  out  with  the  aid  of  the  electron 
microscope  would  be  of  great  value  in  the  interpretation  of  the  multiple 
morphological  features  of  this  organism.  The  resolving  power  of  the^ 
electron  microscope  would  permit  precise  observation  of  the  cell  wall  and 
Would  be  of  value  in  the  examination  of  forms  whose  size  «.nd  shape  are 
not  discernible  by  ordinary  microscopic  techniques. 

The  extremely  high  mortality  and  complete  fragmentation  of  "UL" 
during  sonic  vibration  as  veil  as  the  high  mortality  incurred  through  the 
lyophlizaticn  process,  suggested  that  this  organism  might  possess  some 
unusual  morphological  feature  to  account  for  its  extreme  susceptibility 
to  these  procedures.  This  work  was  carried  out  in  port  at  the  Johnson 
Foundation,  U.  of  Pennsylvania  by  Dr,  L.  n.  Chambers,  Camp  Detrick 
consultant  in  Biophysics. 

1.  Method 

For  the  present  investigation,  three  varieties  of  liquid  media 
were  used,  for  the  cultivation  of  the  organism,  namely;  (l)  peptone  broth 
(14),  (2)  gelatin  hydrolyzate,  Tamara  and  Gibby  (6),  (3)  soya  bean  hydrolzate, 
Foshay  (30),  as  well  as  a  solid  mt  dium,  dextrose  cysteine  blood  agar.  The 
incubation  period  was  varied  to  obtain  cultures  with  a  variety  of  morphological 
forms . 


No  differentiation  between  43  strains,  including  both  virulent 
and  a virulent  varieties,  could  be  maue  on  the  basis  oi  morphology  described 
by  Hesselbrock  and  foshay  (75).  In  our  studies,  two  virulent  strains, 

Schu  .and  Lemph  wore  used. 

Various  procedures  were  followed  in  preparing  cultures  for 
electron  macroscopic  study.  Suitable  suspensions  were  prepared  from  solid 
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medium  by  one  of  the  following  techftiqUest 

«•  A  small  amount  of  surface  growth  was  removed  and  suspended  ih 
sterile  physiological  salt  solution  Dr  in  sterile  distilled  wateri  The 
suspension  was  usually  incubated  at  37°  C  for  5  hours. 

b.  A  few  ml  of  sterile  physiological  salt  solution  were  pipetted 
onto  the  growth  of  a  slant  culture  which  was  then  allowed  to  incubate  for  a 
few  hours  at  37 0  L  until  a  slight  turbidity  appeared. 

c.  A  small  amount  of  surface  growth  was  removed  with  a  sterile 
wire  and  passed  three  or  four  times  through  a  wire  loop  containing  a  film 
of  sterile  distilled  water  until  a  fairly  uniform  suspension  resulted. 

d.  Suspensions  from  liquid  media  were  prepared  by  removing  a 
small  amount  of  culture  with  a  capillary  pipette  and  mixing  it  with  sterile 
distilled  water.  Occasionally  the  culture  was  used  without  dilution. 

e*  A  drop  of  the  suspension  prepared  by  the  previously  described 
techniques  was  placed  upon  the  collodion  electron  microscope  mount  by  means 
of  a  capillary  pipette  or  wire  loop  and  allowed  to  dry  in  air,  (76) 

2.  D. ascription  of  Electron  Photomicrographs  Presented  in 

Plates  I  and  II  - - 

1,  S:linc  suspension  prepared  from  2 A  hr  glucose  cysteine 
blood  agar  culture  and  reincubated  at  37°  for  20  hours.  Cluster  of  coccoid 
forms  showing  peripheral  arrangement  c-f  chromatin, 

2,  3  A.  Form  shovdng  peripheral  chromatin  mass  and 
protoplasmic  streamer  or  false  "flagellum" 


B,  Form  suggesting  binary  fession 

C.  Small  cccceid  form  with  extremely  delicate 

cell  wall 


3,  S-  ...C.  Large  ceccoid  form  with  irregular  chromatin 
arrangement  and  extremely  delicate  cell  wall. 

4.  Saline  suspension  prepared  from  96  hr  glucose  cysteine 
bleed  agar  culture  and  reincubatcd  at  37°  fer  5  hrs. 

A.  Bacillary  form  and  adjacent  coccoid  form 

B.  Filament ed  coccoid  form  with  small  spherical  chromatin 
body  at  tip  of  filament 


C.  Typical  small  globule  of  most  prevalent  size;  0.45  to 

0.5  y  in  diameter. 
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FLAIL  I 

Electron  Liicrographs  of  "UL"  Reproduced 
with  Slight  Reduction  1'ror.i  o~GC  La^nifi cation; 
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FLAIL  II 

Electron  Ucrocraphs  of  "UL"  2G-29  incl.  (6^00*:) ; 

3C  (washed  murine  tyrhus,  65OC7.) ;  32  (staphylococcus 
cure-u: , ^oyCOx)  5  33  (typhoid  "E",  65CC,0  with  ap  roxi- 

mately  oC  percent  reduction  from  initial  mer^ifi--  '  • 
cation. 
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5.  Peptone  broth  culture  incubated  at  37°  for  24  hrs. 
large  .and  small  coccoid  and  bacillary  forms.  Note  so-called  "involution" 
form  at  right. 


6,  Same.  Note  variation  in  size  of  coccoid  forms.  Smallest 
fora  at  upper  right  ia  approximately  210  mu  in  diameter. 

7.  Same.  Filamented  bacillary  fora. 

8,  Distilled  H^O  suspension  prepared  from  24  hr  cysteine 
blood  agar  culture  and  reincubated  at  37cC  for  5  hrs.  Coccoidal  form 
with  single  peripheral  chromatin  mass, 

9.  Same.  Disintegrating  coccoid  forms.  Note  minute  gran¬ 
ular  chromatin  concentrations  and  "punched  out"  appearance. 

10.  Same.  A.  Cluster  of  irregular  coccoid  forms  with 
extremely  delicate  cell  walls.  Note  another  of  the  solcalled  "involution" 
f orms . 

B,  Two  coccoid  forms.  Contrast  more  dense  form 
with  disintegrating  fora  at  right. 

11.  Soybean  hydrolzate  culture  incubated  at  37°C  for  4 

days.  Long  delicate  filament  with  rather  dense  chromatin  granule  near  upper 
tip.  Note  small  drumstick  fora  at  left, 

12.  Same,  Large  dumbbell  shaped  structure  with  spherical 
chromatin  concentrations  at  terminal  ends,  Note  possible  early  budding 
of  form  at  loft  and  filamented  fora  at  upper  left, 

13.  Sane.  A.  Note  crescent  shape  of  form  at  upper  right 
and  peripheral  chromatin  arrangement  of  form  directly  below. 

B.  Large  Oval  forms, 

14.  Same.  Oval  form  with  adjacent  partially  disintegrat' d 
cell.  Suggestion  of  binary  fission  by  cell  at  right.  Note  finely  beaded 
filament  near  center  of  elcctronmicrograph  and  drumstick  form  at  lower  left. 


15.  Same. 


A,  Long  doL.cato  filament 

B.  Oval  form  v.ith  long  branching:  filament.  Mote  two 
minute  forms  directly  above.  The  larger  is  approximately  110  mu  in  diameter 

16.  Same.  Large  coccoid  forms  with  peripheral  chromatin, 
concentrations,  Note  fine  filament  arising  from  cell  *t  lower  left. 
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17.  Same,  Chain  of  large  bacillary  ferns .  Note  bipolar 
arrangement  of  chromatin  within  of  a  number  of  cells. 

18,  Same.  A.  Irregularly  shaped  coccoid  mass  with  pseudopod 
projections.  Structures  of  extremely  low  density  such  as  this  could  be 
seen  in  most  of  our  preparations.  Suggests  a  ruptured  cell  vdth  contents 
flovdng  into  surrounding  area. 

B.  Note  crescentic  chromatin  arrangement  of  cell 
at  right  and  irregular  projection  iron  cell  at  left. 

19.  Sane.  Comma  shaped  form  vdth  large  concentration  of 
chromatin  at  terminal  ends. 

20.  Gelatin  hydrolysate  culture  incub.' ted  rt  37°C  for  8  days. 
Granular  coccoid  form  with  granular  filamentous  projection,  Note  apparent 
budding  of  form  at  right. 

21,  Same,  Large  coccoid  form  vdth  extremely  delicate  cell 
membrane.  Note  chromatin  granule  in  filament  in  form  above. 

22,  Distilled  HO  suspension  prepared  from  colony  on 
glucose  cysteine  blood  agar  which  had  been  incubated  at  37  C  for  3  days  and 
allowed  to  remain  at  room  temperature  overnight.  Holds  in  the  collodion 
membrane  are  visiblo. 


ticn. 


A.  Large  coccoid  form  with  patchy  chromatin  distribu- 


B,  Rupture  ol  cell  and  dispersion  of  £  ranular  contents 
into  surrounding  area. 


23.  Some,  Group  of  So-called  "involution"  forms. 

24.  Same.  Large  coccoid  form.  Contrast  sharpness  of 
collodion  film  edge  with  the  nebulous  character  of  cell.  Note  that  a  part 
of  the  folded  film  edge  can  be  seen  through  the  semi-transparent  cell. 

25.  Same.  Chain  of  small  cbccoid  forms.  Note  distribution 
of  cellular  debris  in  surrounding  area  produced  by  cellular  rupture. 

26.  Same.  Large  coccoidal  form  in  right  center  with 
protoplasmic  streamer  or  "false"  flagellum.  Rote  evidence  of  sessile 
budding  directly  below,  l»iany  disintegrating  forms  .are  visible, 

27.  Same .  another  coccoid  form  suggesting:  budding.  Below: 
ruptured  cell  and  protoplasmic  streamer  of  "false"  falgcllum, 

28.  Some.  Cluster  of  coccoid,  crescentic  and  oval  forms. 
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29.  Same.  Cluster  of  coccoid  and  cval  cells  of  various  sizes. 
Note  the  nebulous  character  of  cells  emphasizing  lack  of  density  of  this 
organism. 

30.  Hashed  Rickettsiae;  8100  x.  Note  define  morphology 

and  cell  wall. 


31.  Washed  murine  typhus  rickettsiae,  6500  x.  Contrast  the 
ceL.  wails  of  the  organisms  shown  in  Figs.  30  and  31  with  the  extremely 
delicate  cell  walls  of  "UL"  shown  in  Figs  2,  3,  19 >  20  and  21. 

32.  Staphlococcus  aureus:  4000  x.  Note  density  of  these 
cells  in  contrast  to  low  density  possessed  by  cells  of  "UL"  in  Figs  1,  28, 
and  29. 


33.  Eberthella  typhosa  "R",  6500  x.  Again  contrast  cell 
wall  and  density  of  this  organism  with  the  cell  wall  and  density  of  "UL", 

3.  Observations 

Most  frequently  observed  during  the  study  with  both  liquid  and 
solid  media  was  a  small  ccccoid  form  0.45-0.5  microns  in  diameter,  although 
large  coccoid,  largo  and  small  bacillary,  oval,  minute,  and  filamented  forms 
were  often  seen.  Loss  frequently  observed  were  bean  shaped,  dumbbell, 
bizarre  and  so-called  "Involution"  forms  which  usually  represented  but  a 
small  portion  of  the  total  population.  Finely  filamented  forms  wore,  more 
frequently  observed  in  5  day  broth  cultures  than  in  younger  broth  cultures 
or  cultures  on  solid  medium.  Occasionally  delicate  filaments  attached  ti¬ 
the  cell,  or  broken  and  free,  Wore  observed.  Frequently  these  filaments 
contained  minute  cyt< plasmic  concentrations  described  and  termed  "minimal 
reproductive  units"  by  nesselbrcck  and  Foshay  (75).  The  electre  n  mien-graphs 
demonstrated  areas  of  greater  electn  nic  density  in  the  concentrated 
periphery  cf  many  coccoid  and  bacillary  forms.  These  were  similar  in  size, 
shape  and  location  within  the  cell  to  chromatin  containing  structures 
described  by  these  authors.  The  various  mo rphe logical  firms  appeared  singly, 
in  diplofv-rra  or  in  short  or  long  chain  format!;  n. 

During  the  course  cf  this  study  minute  forms  cf  250  mu  or  less 
in  dianter  were  observed,  F-  shay  and  Hesselbreck  (1945)  Ub)  reported  that 
morphologic  units  of  "UL"  passed  the  600  mu  Elford  gradccc.l  membrane  but  net 
the  500  mu  membrane  and  were  therefore  in  the  range  of  300  to  350  mu  in 
diameter.  These  investigators  postulated  th't  units  of  smaller  size  exist, 
a  minute  morphological  firm,  approximately  110  mu  in  diameter,  is  shown  in 
Plate  1,  Figure  6,  In  Plate  1  Figu-  e  15  a  f^.na  approximately  210  mu  in 
diameter  is  shewn.  No  mcrphol.  g;ical  differentiation  v/ith  the  exception  of 
size  could,  be  demonstrated  between  the  minute  forms  and  the  usual  cccciid  forms. 

Examination  of  the  elctron  photomicrographs  presented  in  Plates 
I  and  II  revealed  that  although  phctemicrc graphs  were  sharp  as  evidenced 
by  the  edge  of  the  collodion  film  seen  in  various  preparations  the  cells 
generally  presented  a  hazy  nebulous  appearance.  "UL"  seemed  t.  possess  an 
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extremely  delicate  cuter  limiting  structure  (cell  wall)  of  very  lew 
electronic  density  in  contrast  to  the  cell  walls, of  various  other  organisms 
described  by  Wamuscher  (1930)  (79)  and  reported  to  be  "extremely  solid, 
elastic,  extensible,  and  enormously  resistant  to  pressure."  Usually  the 
cell  wall  enclosed  the  cytoplasm  so  closely  that  the  two  were  not  discernible, 
The  extremely  d elie ate  structure  of  the  cell  wall  of  "UL"  is  best  illustrated 
in  photomicrographs  showing  large  ccccoid  and  large  bacillary  forms  whose 
cytoplasm  is  unevenly  distributed  allowing  the  cell  wall  to  be  more  clear¬ 
ly  visible.  Usually  it  was  difficult  or  impossible  to  differentiate  the 
limiting  edge  of  the  delicate  coll  wall  from  the  surrounding  area.  Proto¬ 
plasmic  streamers  or  "false"  flagellar  indicating  a  break  in  the  cell  wall 
were  frequently  observed.  Although  semi-transparent  cytolyzed  cells  wore 

inrHrLf! anc*  carefully  examined,  jagged  lines  of  fracture  which  would 

?  St'lid  cr  ritW  oeU  *al1  ■««  n“‘  demonstrated. 

,  . k  exhibited  loss  opacity  to  the  electron  beam  than  did  the 

described1^  —v^8  and  Bacillus  anthracis  cells 

t  ,  y, Mudd  ^  associates  (77)  and  the  mechanically  cytolyzed  strep¬ 
tococcal  cells  described  by  Mudd  and  mackman  (78). 

structure  f™, thesa  it  seems  likely  the  t  the  deUcate 

the  hirt  m  \  ot  mi£ht  st  lrast  partial*  account  for 

P^oSKs?  r  3  U’°Urr  d“rlnc  atnic  vibratic"  or  lyophilization 

4.  Summary 

lane  and  “f  f 

d-bcll,  bizarre,  and  s^d 

oastance  of  minute  merpholt  (leal  units  or  less  than  300  mu  in  diameter  was 

and  The  typ\cal  celi  p°SStiSS0S  Httlt  opacity  t.  the  elctron  beam 

presents  as ami -transparent  nebulous  appearance.  Critical  examination 
f.r  a  cell  wall  revealed  an  extremely  delicate  structure  of  verfS 
electronic  density  which  possibly  accounts  for  the  low  survival  rate  when 
subjected  to  sonic  vibration  ;  r  lyophilization  process. 

D.  Rapid  Detection  of  "UL" 

Since  the  problem  of  rapid  detection  is  of  prime  important  in  h, 
clses  of  "ST^tt  B\atnaCk  and  als°  in  the  uar1^  gnosis  of  suspected 
identification  of  w!  l<  d°Veltp  oethyds  ^  the  rapid 

i  T?°  U^h<.'ds  usually  described  for  the  isolation  of  "UL"  fr<  m 
clinical  material  involve  the  injectirn  : f  guinea  pigs  or  rabbits  Tho«» 
animals  usually  die  in  4-7  days  and  sh*  v.  typical  >r  ss  pathological  nhn 
in  the  liver  and  spleen.  The  organisms  may  be  isolated  from  the  animals^ 
at  autopsy  by  inoculation  of  suitable  media  with  h,  nrf  hi  h  ■  nimais 

Typical  nut"  colonial  appear  after  2  ,  rTdw  i„Si  n  i  'T,liver- 

detection  method  would  bo  very  desirable.  ’  c  rap*c} 

Much  progress  has  been  made  in  the  orecaraHm  u  . 

gave  quicker  and  more  abundant  gr.wth  <f  *VL«Vn  did  Dhe  o£  ZtiT. 
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means  could  bo  developed  tc  eliminate  cr  inhibit  the  growth  of  contaminants j 
such  media  could  be  used  for  the  detect!:  n  cf  "UL". 

Three  methods  for  elimination  of  contaminants  have  been  tried 
with  success,  namely,  (1)  use  cf  bacteriostatic  agents  harmless  tc  the 
pathogens  sought,  (2)  injection  of  contaminated  material  into  animals  and 
(3)  filtration. 

Experience  has  shewn  that  "UL"  colonies  may  be  obtained  with  an 
inoculum  of  as  few  as  1-2  organisms  on  the  DCBA  media  described  in  this 
report  on  page  19.  Previous  work  done  by  the  "UL"  gr-  up  had  shown  that 
penicillin  and  sulfadiazine  did  n^t  inhibit  "Uu"  in  concentrations  lethal  for 
many  common  contaminants. 

Tyrothricin  was  also  tested  but  it  was  found  to  be  lethal  for 
"UL"  in  one  hour  at  a  concentration  of  0.025  mg  per  ml.  Agents  "N",  "BG", 
and  "SM"  survived  when  tested  against  this  concentration  of  tyrothricin. 
Concentrations  of  1-1,000,000  crystal  vio>let  inhibited  the  growth  of  "UL" 
and  did  not  inhibit  all  contaminants.  Tyrothricin  and  crystal  violet  were 
therefore  considered  unsatisfact.  ry  for  the  differential  elimination  of 
contaminants  from  specimens  containing  "Urn", 

Further  work  was  dene  on  the  use  of  penicillin  and  on  penicillin 
and  sulfadiazine  combined.  It  was  necessary  to  determine  the  limits  at 
which  the  above  antibiotics  could  be  used  without  inhibition  of  "uL",  and  the 
effect  of  the  presence  of  contaminants  on  the  isolation  of  "UL".  The 
last  point  was  vf  great  importance  since  presumably  most  of  the  material  tc 
be  examined  in  the  field  wmld  be  grossly  contaminated.  The  results  pre¬ 
sented  in  tabic  XX.IV  were  obtained  by  exposing  suspensions  in  saline  of 
different  organisms  to  varitus  ponicillin  concentrations  for  1  hour  at 
room  temperature.  The  suspensions  were  then  plated  cut  rn  DCBA  plates  and 
observed  fer  growth.  The  data  shew  that  "UL"  was  net  inhibited  by  500  U 
of  penicillin  when  exposed  fur  one  hour  at  re  om  temperature,  whereas  1  U 
of  penicillin  completely  inhibited  the  growth  of  "N"  and  10  and  100  U  / 
partially  inhibited  Staph,  aureus.  / 


Penicillin  inhibited  most  but  not  all  organisms  found  in  samples 
of  soil  when  the  organisms  were  suspended  in  nc rmal  saline  and  exposed  to 
250  or  500  units  of  the  drug  for  1  hour,  Mien  tested  in  the  same  manner, 
sulfadiazine  in  concentrations  of  50  to  250  mgm  per  cent  also  inhibited 
most  of  the  contaminants  in  Suil,  i  hen  sulfadiazine  or  penicillin  were  in— 
cerporated  in  the  DCBn  medium  they,  were  n,  t  as  effective  In  TnhitvTHng  * 
contaminants  and  interfered  an  re  with  the  frcv.th  of  "IJI.".  A  sample  titration 
ufMrhe-e^mbirred  "effect  "oi  ptniciilin_and  sulfadiazine  is  shewn  in  Table  XXV, 
One  gram  c.f  scil  was  added  tc  each  f  several  tubes  of  saline  containing 
1.0  ml  ,f  10“'  diltuion  of  "UL"  and  500  units  per  ml  of  penicillin.  Various 
amounts  of  sulfadiazine  were  added  also  as  shown  in  the  tabled  All  tubes 
were  incubated  f<  r  1  hour  and  then  plated  on  DCBA.  One’fcflse'^as'filtered 
through  a  Selas  .01  filter  (maximum  pore  diameter  7.5  microns)  before  being 
plated. 
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TABLE  XXIV 


Titration  of  "UL",  Staphylo coccus  Aureus  and  "N" 
Susceptibility  to  Penicillin 


Organisms 
"UL"  Colonies 
"N"  Colonies 
Staph,  aureus 


None 
149* 
4 / 
4/ 


B6BA  Plate  Count  After  Exposure  to  the  Following 

..  of  Units  of  Penicillin/ml  _ 

22  12  H  100  250  jjoo  ~ 

138  274  183  276  385 

4/  0  0  0  0  0 

4/  4/  2/  1/  o  0 


*  Nuf er  of  colonies  per  plate  or  1/  to  4/  indicating  increasing;  number 
colonies  too  numberous  to  count 


TABLE  XXV 


1 

2 

3 

4 


Selective  Inhibition  of  Soil  Contaminants  by  Penicillin 
and  Sodium  Sulfadiazine 


Tube  #  Soil 


None 
1  go. 


Penicillin 

Units/ml 

None 

None 

500 

500 

500 

500 


Sodium  sulfa- 
diazine  m.% 

None 

None 

50 

250 

500 

50 


Plate  Count 
Contaminant  "UL” 


None 

Numerous 

10 

6 

9 

Nr  ne 


17 

None 

2 

7 

15 

6 


Treated  same  as  tube  #3  then  passed  though  Selas  .01  filter  before 
plating. 


The  results  in  Table  XXV  show  that  the  combined  effect  of  500 
units  of  penicillin  and  50  mgm  per  cent  f  sulfadiazine  effectively  controllc 
soil  contaimants  and  permitted  rccc very  if  "UL".  For  this  particular 

mter  reeved  ell  the  c .ntemtnanl 

not  eliminated  by  penicillin  ana  sulfadiazine.  Since  sime  f  the  organisms 
contained  in  soil  are  spreaders,  one  surviving  contaminant  may  sometimes 
overgrew  a  plate  and  interfere  with  the  growth  of  "UL".  I 

ddad  step  of  filtration  might  be  necessary.  Filtration  alo 
reatnont.  wi  f.h  * 


In  such  cases  the 
before 


--  ---  r  r:.  .  .7  L  *  uoooaoary.  nitration  alone,  before 

treatment  with  penicillin  or  sulfadiazine,  did  not  removed  all  contaminants. 
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In  order  to  determine  the  smallest  number  cf  organisms  de¬ 
tectable  by  mouse  inoculation  in  a  short  time  groups  cf  white  mice  were 
injected  with  decreasing  numbers  of  organisms.  The  animals  were 
sacrificed  12/18,  24,  and  48  hours  after  inoculation  and  the  hearts  blood 
and  spleen  cultured  on  DCBa  plates.  The  plates  were  scanned  xn  24  hours  and 
at  short  intervals  thereafter.  Vihen  any  indication  of  growth  appeared 
graxa  stains  were  made  and  as  scon  as  possible  sufficient  growth  was  scraped 
up  to  emulsify  in  immune  serum  for  a  rapid  slide  agglutination  test.  lable 
XXVI  gives  a  summary  of  the  results  obtained  on  DCBA.  Bacto  cystine  hfcart 
agar  plus  Bacto  hemoglobin  and  Snyder's  peptone  agar  were  also  used.  They 
were  as  satisfactory  as  DCBA  with  heavily  infected  spleens  but  less  so 
when  the  infection  was  light. 

When,  barnyard  soil  was  mixed  with  "UL"  and  injected  into  mice 
many  of  the  latter  continued  to  harbor  soil  organisms.  These  later  grew 
out  on  spleen  culture  plates,  thus  masking  the  presence. of  'w'.  This 
difficulty  was  overcome  by  adding  250  units  cf  penicillin  to  each  ml  of 
soil  suspension  of  "UL"  30  minutes  before  the  mice  were  injected.  The 
earliest  time  at  which  positive  cultures  could  be  obtained  from  the  spleen 
of  sacrificed  animals  appeared  to  be  proportional  to  the  total  number  cf 
organisms  injected.  In  other  words  the  time  necessary  for  the  organisms 
to  become  established  in  the  spleen  v.as  proportional  tc  the  size  of  the 
infecting  dose.  'This  has  a  practical  value  in  detection  work,  since  the 
speed  of  detec tion  depends  ctn  the  number  of  organisms  injected, 

Experimentally,  if  2000  to  5000  organisms  were  injected  into 
a  mouse,  the  animal  could  be  sacrificed  in  12  ho>urs  and  a  pc  sitive  spleen 
culture  obtained  after  18  tc  36  hours  incubation.  If  15  t(:  50  organisms 
were  injected,  the  higl  est  percentage  of  positive  cultures  were  obtained 
from  animals  sacrificed  36  to  48  hours  after  injection.  If  it  were. de¬ 
sirable  to  attempt  detection  of  1  to  2  organisms  in  an  unknown. specimen,  one 
should  wait  72  hairs  after  injection  before  sacrificing  the  animal.  Re¬ 
gardless  of  the  number  cf  organisms  injected,  however,  animals  always 
survived  2  to  4  days  after  spleen  cultures  became  positive.  Therefore 
approximately  3  days  were  gained  by  sacrificing  the  animals  rather  than 
waiting  f  r  them  to  die  of  infection. 

Precipitin  tests  were  performed  on  the  peritoneal  fluid 
collected  from  mice  at  the  time  of  sacrifice,  in  experiments  similar  tc. those 
described  above.  The  immune  sera  used  were  high  titered  human  and  rabbit 
sera.  The  rings  o'f  precipitate  v.ert.  weak  after  2  he  urs  at  r^.cm  temperature 
and  further  work  indicated  that  the  tost  was  not  specific  nor  delicate 
enough  tc  justify  its  use. 

*n  attempt  was  made  tc  use  the  skin  test  for  the  rapid  (diction 
of  "UL",  This  is  reported  in  the  B  Division  kepc rt  for  may  1944. 

Further  studies  on  guinea  pigs  indicated  thnt  the  test  gave  nonspecific 
and  equivocal  reactions.  Other  animals  used  were  rabbits,  rats,  and 
mice,  but  the  results  were  net  any  more  clear  cut  in  these  animals. 
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Table  XXVI 


Detection  of  '’LL'*  by  Mouse  Injection  and  Subsequent 
Sacrifice  for  Culture  of  Spleen  and  Heart's  Blood 


Hours  of 


No.,  of  Organisms 
Injected  I.P. 

Hour 

Sacrificed 

Incubation 
of  I  lates 

After  Sacrifice* 

Heart 

Culture 

Spleen 

Culture 

21,000 

12 

24 

/ 

/ 

2,100 

12 

36 

/ 

/ 

3,oio 

12 

48 

/ 

3C1 

12 

46 

/ 

30 

12 

46 

- 

•• 

3,010 

16 

24 

/ 

301 

16 

24 

/ 

30 

18 

24 

- 

/ 

1,530 

18 

66 

/ 

/ 

153 

16 

66 

/ 

/ 

15 

18 

66 

/ 

1,530 

24 

25 

/ 

/ 

153 

24 

26 

/ 

/ 

15 

24 

26 

1,530 

46 

24 

/ 

/ 

153 

4v 

24 

/ 

/ 

15 

48 

24 

/ 

/ 

84  in  soil 

12 

46 

C 

c 

£4  in  soil** 

12 

48 

/ 

/ 

*  The  earliest  time  at  which  the  culture  of  "UL"  could  be 
certainly  recognized. 

**  250  U  of  penicillin  per  ml  of  soil  and  organisms  added  3C 

minutes  before  injection  of  mice. 

C  Grossly  contaminated. 
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recommendations  for  rapid  detection  of  '%b-'  from  clinical 
specimens,  or ^contaminated  air,  soil,  water  or  fomites  are  as  follows: 

Inject  1  ml  of  specimen  or  saline  washings  thereof  intraperitcneally  into  each 
of  4  white  mice.  If  the  specimen  is  gross }y  contaminated  with  other 
organisms  which  might  be  pathogenic  to  mice,it  may  be  incubated  for  \  hour 
with  250-500  units  of  penicillin  and/or  50  mgm  per  cent  of  sodium  sulfadiazine 
before  animal  injection.  The  animals  may  be  sacrificed  12,  24,  48  and  72 
//^heurs  after  injection  and  spleen  cultures  made  on  tfSBA  (See  section  on 

medica,  this  report).  The  cultures  are  incubated  at  37°  C,  and  when  typical 
colonies  of  appear  they  are  examined  by  the  Gram  stain  and  confirmed 
by  the  rapid  slide  agglutination  test.  If  animals  are  not  available, 
direct  culture  on  §CBA  after  treatment  with  penicillin  and  sulfadiazine  may 
be  substituted  for  the  mouse  injection,  However,  in  inexperienced  hands 
this  procedure  is  apt  to  be  less  reliable  than  the  mouse  technip^ji-s  / 

*  / 

In  diagnosis  of  cases,  speed  in  isolation  of  the  organism  is  also 
highly  desirable  because  a  specific  antibiotic  is  new  available  for  treat- 
ing  cases  of  "UL".  The  methods  outlined  above  are  applicable  to  sputum, 
exudates  from  local  lesions  and  pus.  For  blood  cultures  it  is  recommended 
that  guinea  pigs  or  rabbits  be  used  instead  of  mice  and  that  5  to  10  ml 
of  fresh  or  defibrinated  blood  be  injected  intraperitcneally  into  each 
animal.  Blood  specimens  should  be  taken  at  the  time  of  chills  or  on  a 
rising  fever  curve. 

Ihesc  recommendations  were  transmitted  to  the  Safety  Division 
which  has  confirmed  and  extended  the  results  experimentally  and  in  routine 
safety  tests. 


E.  The  Effect  of  Disinfectants  on  "UL" 


Relatively  little  was  known  about  the  action  of  common  disin¬ 
fectants  on  "UL"  when  this  work  was  started.  Francis'2?'  stated  that  0,1$ 
formalin  in  saline  suspension  kills  "UL"  in  less  than  24  hours  and  that 
lit>  tricresol  sterilizes  infected  spleen  material  in  2  minutes.  Downs  C2 8) 
reported  effective  germicidal  action  of  70$  alcohol,  5%  phenol  and  1%  formal¬ 
dehyde  in  less  than  10  minutes  using  a  "UL"  suspension  in  saline  and  in 
yitf0  tests  only/  Fcvtc  and  Steinhaus'2*?)  reperted  that  0.35  ppn  rf 
available  chlorine  killed  "UL"  in  8  minutes  when  the  organism  was  suspended 
in  water.  The  TDP  (Thermal  Death  P.int)  was  known  tc  be  55-60°C  for  10 
minutes  when  a  saline  suspension  of  organisms  was  under  test. 

It  was  necessary  in  view  of  the  limited  information  available  t; 
find  out  what  disinfectant  w<  uld  be  m  st  efficient  and  practical  fc  r 
laboratory  use  and  what  materials  could  be  used  as  deccntaminants  in  the 
field. 


The  recommended  routine  procedure  in  the  labt ratcry  was  t,  auto 
clave  or  boil  all  contaminated  glassware  and  equipment.  In  view  cf  the 
report  by  fivuicis'*'  >  that  tricresol  was  effective  wc  adopted  the  use  t.f 
GI  germicide  (labeled  2-chlcro— 4-phtjnylphenol,  ortho  phenyl  phenol 
iscpropylalcohol  soap  Phenol  coefficient,  FDA  5)  in  1  or  2$  solution  as 
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a  routine  procedure. 

The  tests  referred  to  in  the  literature  have  all  been  carried 
out  with  cultures  suspended  in  water  or  saline.  Since  a  high  protein  content 
is  known  to  affect  the  action  of  disinfectants  unfavorably;  and  since 
knowledge  was  desired  concerning  the  action  of  disinfectants  on  contaminated 
egg  material  as  well  as  in  routine  disinfection,  the  experiments  reported 
below  were  done  on  both  infected  egg  material  and  on  suspensions  of  "UJ1 
in  saline. 


I:  Wuo  search  for  a  cheap  and  efficient  disinfectant  for  laboratory 
use  the  following  materials  were  tested  on  "Uo"  in  infected  minced  egg  and 
found  to  be  ineffective  in  the  oncentrations  shown. 


Disinfectant 

Concentration 

Time  of  Exposure 

Commercial  soap  flakes 

1.0$ 

30  minutes 

Divers ol  (Detergent) 

10.0$ 

30  minutes 

"Reccal" 

10.0$ 

20  minutes 

Table  1XVII  gives  comparative  tests  on  4  disinfectants  commonly 
used  in  the  laboratory  and  on  tincture  of  iodine  v.hich  is  frequently  used 
as  a  skin  disinfectant.  Infected  egg  material  shaken  and  containing  4.6x10° 
organisms  per  ml  as  shown  by  plate  count  was  suspended,  in  9  parts  of  the 
disinfectant  to  be  tested.  T,.e  mixture  was  allowed,  to  stand  the  designated 
length  of  time  at  room  temperature  then  1  ul  was  removed,  diluted,  in  9  ml 
of  saline  and  injected  into  4  mice,  0.5  ml  per  mouse. 

It  is  apparent  that  01  germicide,  chi or  x  and  HTH*  were  not 
effective.  Phenol  in  5$  solution  was  effective  and  has  been  used  routinely 
in  this  laboratory  since  these  tests  were  made,  Since  Tr,  of  Iodine  was 
effective  it  has  been  recommended  for  use  as  a  skin  disinfectant  in  case  of 
laboratory  accidents.  It  has  been  shown  to  no  more  effective  than  5$  phenol 
in  preventing  percutaneous  infection  in  mice.  (The  studies  in  skin  disin¬ 
fection  were  done  in  part  at  Camp  Detrick  and  in  part  at  Kansas  and  to  atocid 
repetition  they  are  all  reported  in  Final  Rupert  Contract  /fW-18-064-CUS-43, 
Kansas  )*> 2 


hhile  5$  phene  1  was  an  effective  laboratory  disinfectant,  its  use 
for  large  scale  decontamination  on  the  battlefield  was  n^t  practical.  The 
Chemical  Warfare  Service  already  had  equipment,  supplies  and  trained  perstnnel 
in  the  field  for  using  bleaching  power,  Ca(OCl)  ,  to  docenstamin  te  areas 
exposed  to  mustard  gas. 


) 


*  HTH.  High  Test  Hypochlorite,  a  refined  bleach  havin*  twice  as  much 
available  Chlorine  (70$)  as  crude  bleach  (35$) 
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Ihe  Effect  of  Disinfectants  on  "UL"  in  Infected  Minced 
Embryonated  Chicken  Eggs 

After  Exposure  to  the  Disinfectant  the  "UL" 
Suspensions  Were  Injected  into  Mice. 


Minutes 

Ext  esure 

$  Efficie; 

Disinfectant 

1 

10 

30 

Germicide*  0.1$ 

4/# 

4/4" 

4/4 

C 

•"  1.0$ 

4/4 

4/4 

4/4 

0 

••  5*c$ 

- 

4/4 

- 

C 

"  10.0$ 

- 

1/4 

- 

75 

Chlorox  1.0$ 

4/4 

4/4 

4/4 

0 

M  5.0$ 

4/4 

4/4 

3/4 

8 

H.T.H.**  0.5$ 

Available 
Chlorine 

- 

3/4 

- 

25 

'•  2.0$ 
Available 

Chi orine 

• 

1/4 

- 

75 

Phenol  1.0$ 

4/4 

4/4 

2/4 

16 

»'  5-0$ 

0/4 

0/4 

0/4 

10c 

Tr.  Iodine  7*5$ 

- 

c/3 

* 

ICC 

Control  animals  injected  with  disinfectant  only  remained  healthy. 
*  Government  Issue,  labelled  2-chicrc-4-phenylphenol,  ortho 
phenyl  phenol,  iscrropyl  alcohol,  soap.  F.D.A.  phenol  coef¬ 
ficient  5.  *  v  T  o 

**  Freshly  prepared  and  assayed  for  available  chlorine  by  i  ,C. 

Division.  .  ,  ......  .. 

it  Fractions  indicate  the  number  of  animals  which  died  over  the 

number  injected. 
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An  experiment  was  set  up  to  determine .whether  a  solution  of 
P0Wer  WOuld  effectively  kill  "UL";'  Fresh  1.5$  solutions  of 
P'  ,j2  were  “*de  UP  and  tested  at  pH  12  and  pH  8  by  adding  1  ml  of  in- 
ectedegg  material  to  9  ml  of  the  disinfectant  solution.  At  intervals 
shown  in  Table  Mil  sufficient  0.5  N  Sodium  thiosulfate  was  added  to  stop 
the  action  of  the  chlorine.  One  half  ml  was  then  injected  intraperi tcneally 
ifffi  ?dC,1  Similar  tests  were  done  using  a  s;iine  suspension  of 

ol  the  susP£nsion.  Control  mice  were  injected  with 
,  ,x  2  and  3^ium  thiosulfate  only.  All  mice  were  observed  twice  daily 
'gvQ  ea  tere  autopsied  and  cultui  ed  to  determine  the  cause  of  death, 

the  exPerimonts  are  shown  in  Table  XXVIII  and  indicate  that 
•  solution  killed  all  "UL"  in  a  heavy  egg  suspension  in  three 

iinnutes  at  pH  12.  At  pH  8  five  minutes  were  required  to  kill  all  the  "UL". 

Uu  in  saline  suspension  wa3  killed  more  rapidly  than  ,rUL"  in  infected 
egg  material. 

In  contrast  to  these  findings  with  "UL",  "N"  spores  were  killed 
more  rapidly  at  a^pH  value  near  neutrality  (100).  Since  the  "bleach" 
solution  is  normally  strongly  alkaline  it  could  be  used  with  maximal 
eixiciency  1  or  Uu"  decontamination  without  adjusting  the  pH* 

Recommendations  were  made  that  if  the  enemy  used  "Un"  against 
our  troops  available  Ca(0Cl)2  could  be  employed  for  decontamination. 

F.  Immunization  Against  "UL" 

At  the  beginning  of  the  "UL"  project  it  was  evident  that  thor< 
was  urgent  need  for  the  development  of  methods  which  cc  uld  be  used  to 
compare  the  efficacy  of  various  vaccines.  In  the  original  authorization 
ono  ol  the  criteria  for  the  acceptance  of  a  vaccine  for  human  use  was  that 
such  a  vaccine  would  immunize  suitable  laboratory  animals.  Foshay(5)(30) 
hac.  prepared  two  vaccines  and  had  used  them  extensively  in  human  trials. 
Ana^sis  ox  his  r  suits  indicated  that  this  vaccine  was  of  some  value  in 
protecting,  loan  against  "UL"  iniectic n  but  it  did  not  immunize  rabbits, 
guinea  pigs  or  mice.  The  successful  use  of  an  improved  vaccine,  provided 
by  oshay,  as  an  immunizing  agent  in  man  is  reported  elsewhere  in  this 
present  n  port,  page  122  .  Downs  (- il )  using  a  formalized  suspension  of 

immunization  had  prolonged  the  life  of  rabbits  challenged 
ith  UL  but  h  d  net  prevented  infection  and  ultim  te  death  of  the  animals 

*T:  ln  ‘be.r»P°rt  w  W«a)  h»J  BUI  tested  the-  use-  of  ruts  ' 

test  animals  because  they  had  a  greater  degree  of  natural  rosistance^kO 

than  rabbits,  guinea  pigs  or  mice.  The  degree  of  natural  resistance  of 
rats  was  first  shown  by  means  of  a  complete  LID  titration. at  Camp  Detrick 
reported  m  DDD  Monthly  Pro  gross  Reports  of  Feb  19  Agt32)  ,  \ 

A  High  degree  of  immunity  in  recovered  and  in  vaccinated  rats  wS  re6or?eS*  33 

in  April,  194A  extended  in  May^5^  and  confirmed  in  the  DDD  Mont hi v 
Progress  Reprt  for  June,  l9l  Thc  folding  results  show  the  develop- 

ment  ol  numerous  vaccines  and  the  immunizing  value  of  these  vaccines  m 
v  nous  experimental  animals. 
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Tho  vaccine  preparations  are  listed  and  their  methods  of 
preparation  are  described  briefly  in  Appendix  D. 

*  i  '  * 

The  first  experiments  were  done  on  rabbits  and  guinea  pigs  more 
to  confirm  previous  work  than  in  the  hope  that  these  animals  could  bo 
immunized. 


1#  Immunization  of  Laboratory  Animals 
a.  Rabbi ts  4lppus  cuniculus) 

.  Ii:abbifcs  Wtre  injected  with  the  vaccines  listed  in  Table  XXX.  Three 
formalized  culture  suspensions  were  used,  also  one  yeik  sac-etherTOxtracted 
vaccine  prepared  by  the  method  employed  in  making  typhus  vaccine, 

Those  vaccines  v ere  administered  subcutaneously  in  amounts  of 
.5  ml  or  intradermally  in  amounts  of  0.2  mi,  one  close  being  given  everv 
second  day  lor  a  total  of  3  doses.  Some  animals  were  later  given  single 
booster  doses  of  vaccine  at  2  to  3  week  intervals  after  the  first  series. 

The  fourth  column  in  Tnbie  XXX  shows  the  number  of  days  elapsing  between  the 
first  administration  of  vaccine  and  time  of  challenge.  Tho  animals  were 
bled  for  the  determination  of  the  agglutinin  titers  6  days  after  the  last 
injection  of  vaccine  and  were  challenged  at  the  same  time. 


The  animals  vaccinated  subcutaneously,  when  tested  just  before 
challenge  showed  agglutinin  titers  ranging  from  1:10  to  1:1280,  50^>  giving 
titers  oi  1:160-640.  One  rabbit  had  the  unusually  high  titer  of  1:40,  96O 
In  spite,  of  adequate  agglutinin  response  all  of  the  animals  succumbed  with’ 
typical  lesions.  There  was  prolongation  of  life  of  1  to  2  days  in  this 
greup.  All  control  rabbits  Were  dead  by  the  6th  day,  4  having  died  on  tho 
4th  and  5th  days,  in  the  vaccinated  group  one  rabbit  died  on  the  5th  day, 
six  on  tho  bth  day,  ton  on  the  7th  day  and  one  each  on  the  8th,  9th  and 
10th  days.  Animals  vaccin  tod  with  formalized  culture  vaccines  were  pro¬ 
tected  as  well  as,  and  developed  more  agglutinin  antibody  than,  rabbits 
vaccin  tod  with  vaccine  ;,-2  prepared  from  infected  yolk  sacs  by  tho  procedure 
used  tor  making  typhus  vaccine. 


Twenty-six  rabbits  vaccinated  by  the  intrudermal  injection  cf 
.  ml  of  the  same  vaccines  given  in'  0,2  ml  doses  over  a  period  of  4  d-^vs 
were  bled  for  agglutinins  and  challenged  as  above.  Agglutinin  production 
was  poorer  than  in  rabbits  vaccinated  subcutaneously,  Thrt e-fourths  showed 
agglutinins  at  1:80  to  1:320:  one  at  l:'20j  two  at  1:640  and  one  at  1:1280* 

ne  half  of  these  animals  died  on  the  6th  day  and  .all  were  d*nd  by  the  8th 
day. 


There  seemed  to  be  loss  protection  conferred  bv  the  intmdermnl 
injection  of  formalized  vaccine  than  by  the  subcutaneous*’ injection.  The 
latter  method  prolonged  th«  lives  cf  suae  of  tho  vaccin-  ted  animals  bv  eno 
cr  two  days.  All  animals  vaccin  ti.d  with  1'traalized  culture  vaccines  de¬ 
veloped  indurated  nodules  .at  tho  injection  site.  The  yolk  sac  vaccine  did 
net  protect  any  better  than  did  the  formalized  vaccines,  and  did  not 
stimulate  hood  agglutinin  production  although  it  was  prepared  from  yolk 
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sacs  containing  a  large  number  of  "UL"  organisms,  Stained  smears  and 
precipitin  tests  with  this  vaccine  likev.is.  shewed  it  to  be  poor  in 
antigen  and  it  was  therefore  postulated  that  sent where  in  the  process inf 
the  essential  .antigen  had  be«n  destroyed  or  lost,  In  order  to  check 
this  hypothesis,  ett  vaccines  were  pro  pared  without  ether  extraction, 
purification  being  accomplished  by  freezing  'ind  thawing  and  differential 
centrifugation.  These:  vaccines  contained  a  considerable'  amount  of  egg 
pr<  tcin  ;;nd  large  numbers  of  "UL"  organisms  as  demonstrated  by  stained 
smears.  Rabbits  were  vaccin- tod  with  three  of  these  crude  vaccines  (#'s 
11,  12,  13)  and  with  <ne  pooled  vaccine  (//9  and  10)  previously  made  by  the 
ether  extraction  procedure.  Results  arc  shown  in  Table  XXXI. 

Better  agglutinin  production  was  observed  with  the  crude  egg 
vaccines,  titers  being  comparable  to  those  obtained  with  the  formalized 
pure  culture  vaccines.  Ihen  challenged  with  1,  10,  100,  1000,  cr  10,000 
rabbit  RLD  doses  of  virulent  "UL"  the  vaccinated  rabbits  showed  an  in¬ 
creased  survival  time  ef  one  to  three  days;  however,  all  died  with  the 
exception  of  one  animal  which  had  been  challenged  with  1  LiLD  (see  vaccine 
#12)  There  was-  no  correlation  between  the  agglutinin  titer  and  the  length 
of  survival  time.  The  animal  which  survived  had  a  titer  of  1:80  at  the 
time  of  challenge  and  a  titer  c  f  1:80,  21  days  after  challenge.  Twenty- 
eight  days  after  challenge  this  animal  was  rechallenged  with  1000  KLD  and 
survived  33  days  when  ho  was  accidentally  killed.  Post  mortem  examination 
showed  no  gross  evidence  of  '’UL"  infcctii  n  and  cultures  were  negative. 
Apparently  this  animal  had  been  sufficiently  immunized  by  vaccination  tc 
withstand  a  challenge  ef  1  1LD  (1,0  ml  <f  10”'  dilution)  for  when  sub¬ 
sequently  rechallenged  with  1000  LLD  he  remained  well. 

all  the  rabbits  vaccinated  with  crude  egg  vaccines  showed  marked 
Arthus  reactions  when  given  booster  inject! c  ns  of  vaccine  15  days  after 
the  original  vaccination.  (See  DDD  monthly  Progress  Report  April  1944) (34) 
Crude  Vaccine  #14  was  also  tested  in  guinea  pigs  and  shewn  tc  be  a  potent 
sensitizing,  .agent  as  shown  by  anaphylactic  shock.  The  sensitization  was  due 
to  the  egg  protein  or  s.  me  altered  egg  protein  cr  "UL"  metabolite*  "UL" 
suspension  scraped  from  DCBA  did  not  cause  anaphylactic  shock  as  shown  in 
Table  XXXII,  This  antigen  appeared  to  very  active  when  administered  in¬ 
travenously,  It  was  loss  •'  '  active  on  subcutaneous  administration. 

Comparison  with  titers  obtained  after  vaccination  with  formalized  pure 
culture  vaccines  sh«<ws  the  acetone  extracted  vaccine  t>  be  a  poorer  antigen 
when  measured  by  ability  to  stimulate  agglutinin  antibody  production  in 
the  rabbit. 

The  results  if  rabbit  immunization  may  bo  summarized  as  follows: 

1.  Rabbits  were  n«..t  pre  t-.cted  by  f<  malized  pure  cultures  of 

"UL". 


2.  Good  agglutinin  antibody  response  was  obtained  with  formalized 
pure  culture  Veaccines  administered  subcutaneously.  Less  response  was 
obtained  following:  intracutaneous  administration. 
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Table  lwJi.II 


Anaphylaxis  in  Guinea  Figs  Sensitized  by  Crude  Egg  Vaccines 


Sensitizing 

Antigen 

SRcckinp 

Antigen 

Result 
Anarhylaxis _ 

Survival 

#14 

#14 

Severe 

Recovered 

ii 

it 

ii 

ii 

ii 

ii 

ti 

Lied 

ii 

ii 

ii 

ii 

ii 

it 

ii 

ii 

ii 

it 

ii 

n 

it 

it 

it 

ti 

ii 

ii 

Recovered 

ii 

"UL"  susrension 

;  one 

ii 

1  one 

#14' 

ii 

ii 

i.one 

#14 

ii 

ii 

Antibody  response  in  rabbits  given  intravenous  and 
subcutaneous  injections  of  acetone  extracted  vaccine  #30  i£ 
shown  in  Table  3bjv.HI, 


Table  X1JCI1I 

Agglutinin  Antibody  Froduction  in  Rabbits  hollowing 
Vaccination  with  Acetone  Insoluble  Antigen  #30 


Route  of 

Vaccina tion 

highest 

Rabbit  # _ 

Subcutaneous 

Intravenous 

Titer 

69  7 

2  ml 

IsCO 

704 

2  ml 

- 

1;40 

696 

2  ml 

- 

1  •  Go 

IP 

609 

2  ml 
'  2  ml 

1;640 

1  i  SO 

6o4 

2  ml 

- 

1;40 

195 

_ 

♦1.2  ml 

1.2560 

409 

- 

1.7  ml 

1:1260 

523 

• 

1.7  ml 

1; 1200 

643 

- 

1.7  ml 

1:1260 

♦Total  quantity  of  vaccine  given  over  a  period  of  1  month. 


) 
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wps  not  foiw^  a£^utinin  Mtibfdy  titer  at  the  tine  cf  challenge 
was  not  followed  by  an  increased  survival  tine,  ^ 

vaccines  ^T“9  r“°U“  l>™  culture 

processed  I'y  th^ShcV^  in  «■>*'«“*  <«•  and 

"III 11  irmni  o  ,  preparing  typhus  vaccine-  contained  few 

They  STt  ttal-t™  *  ^.dnation  end  prociptun  Sts. 

bits  as  well  J  'intib(dy  producti(n  and  did  n<t  protect  rab- 

18  as  well  as  the  finalized  pure  culture  vaccines. 

organist*  ti  SlSf  gSIrflutl^f  ™tih  1  Tp  nU,*era  ,  f  "Ui" 

— ‘ii'ftis;;  aa-sar  — *  “  - 

.t-u...  s,  s  2ir* 

8.  The  crude  cLf>  vaccines  sensitized  rabbits  and  guinea  pi^s. 

"UL"  organisms ^  r  ovn^n^vi  v°  ^irther'ft^0  vaccints>  which  Contained 
wore  tcnorarilyk discontinued*  tf  ^Unize  the  ^bbit 

b«  guinea  ?u  (Cavia  cobaya) 

culture  vaccines  h->cuj!  tVith^cr  ro^te'  /fl1^120  LU1^a  pi^s  lftith  f(  rmalizod 
those  animals  was  limted  t  .  f  falure  nntI  «*  P^cnt  work  ,n 

fected  Xy!naed  chic^n ^  es  SSh  VaCCintS  *<■*  ”UJ<  in- 

■«.  of  eggs  im-Suct  uE  :i  ij-  r  p"pirrf 

and  tested “«  vaccine 
serum  dilutions  cf  l;lo.  devoir p. any  agglutinins  in 

ail  ^  <:-StS  ;f  talent  -Ui, 

tine,  L  ^  nc  an(-  a  h'llf  days  increased,  survival 


challenged  StriO^dloO^I,  Ts\  ™C</nC 

Mr  xrntr  *  -  -  s  sr° 

s  t  r t;  io'°00^ 

animal  would  be  expected  t  survive/  d*S  '  n{  cr  tban  r*  n‘  rtml 
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"ULM  Vaccination  of  Guinea  Pig«  and  Results  of  Subsequent  Challenge 
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From  the  evidence  obtained  the  results  of  guinea  pig  vaccination 
were  similar  to  those  reported  above  for  rabbits,.  A  crude  yolk  sac 
vaccine  raised  the  guinea  pigs  resistance  when  measured  by  increased  sur¬ 
vival  time,  but  did  not  consistently  protect  against  a  challenge  of  10  MLD. 


In  summary,  the  guinea  pig  did  not  appear  to  be  a  favorable  animal 
for  demonstration  of  active  immunity  induced  bj  Vaccination  when  using  the 
technics  and  vaccine  currently  available. 


c.  Rats  (Rattus  Norvegicus  albinus) 

Preliminary  LLD  titrations  on  rats  demonstrated  that  they  were 
more  resistant  to  "UL"  than  the  mouse,  guinea  pig,  or  rabbit,  and  sub¬ 
sequent  rechallenge  of  recovered  rats  from  14  to  90  days  after  their  original 
challenge  showed  that  they  had  developed  a  solid  immunity  as  a  result  of 
the  previous  sub-lethal  challenge.  Recovered  rats  usually  survived  re¬ 
challenge  with  10,000  to  1,000,000  LD™  doses  indicating  that  they  were 
capable  of  developing  considerable  resistance. 


All  vaccines  previously  reported  had  been  made  from  "UL"  cultures 
grown  on  artificial  media ,  and  it  was  believed  that  vaccines  prepared  from 
cultures  grown  in  the  presence  of  living  cells  might  supply  a  more  complete 
antigen,  k,ith  the  "UL"  organisms  actively  parasitizing  tissue  cells  they 
might  produce  unknown  toxic  substances  which  do  not  appear  when  the  organism 
is  grown  on  artifical  media,  and  these  unknown  substances  might  be  the 
essential  immunizing  antigens.  Partly  for  this  purpose  and  partly  as 
another  means  of  growing  large  numbers  of  "UL"  for  storage  and  stability 
studies,  "UL"  was  grown  in  embryonated  chicken  eggs.  A  total  of  26  vaccines 
was  prepared  from  various  portions  of  infected  embryonated  eggs,  using 
various  preservations  and  methods  of  extraction  and  purification.  Fourteen 
vaccines  were  prepared  from  cultures  grown  in  peptone  broth,  five  from 
cultures  grown  on  DCBA,,and  several  lots  of  vaccine  were  made  by  the  method 
described  by  Dr,  toshay  from  cultures  grown  in  gelatin  hydrolysate  red 
blood  cell  extract  liquid  medium.  Tables  XXXVI  to  XXXIX  show  the  results  of 
rat  vaccination  and  challenge.  Successive  doses  of  vaccine  were  given 
ac  48  hour  intervals,  following  the  procedure  used  for  human  immunization, 
and  animals  were  challenged  from  two  to  three  weeks  after  receiving  ^he  first 
dose  of  vaccine.  The  detailed  method  of  preparing  each  vaccine  is  given  in 
Appendix  L  and  the  vaccine  number  corresponds  to  that  fiven  in  the  tables 
of  rat  vaccination. 


Table  XXXV  shows  the  combined  data  from  a  large  number  of  individual 
MLD  titrations  in  normal  and  vaccinated’rats.  In  this  table  the  results 
from  all  vaccinated  animals  are  added  together,  with  no  attempt  to  differ¬ 
entiate  them  on  the  basis  of  type  vaccine  used.  The  data  show  that  rats 
are  more  susceptible  to  intraperitoneal  than  to  subcutaneous  challenge  and 
that  a  significant  degree  of  protection  was  conferred  by  vaccination.  *In 
a  general  way  a  higher  percentage  of  survivors  was  observed  following 
subcutaneous  challenge,  however,  this  was  accompanied  by  a  higher  percentage 
survival  in  controls.  Another  point  brought  out  by  the  table  is  the 
variation  in  susceptibility  of  rats  to  successive  dilution  of  challenge 
suspension.  No  difference  could  be  detected  between  three  strains  of  white 
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rats  tested.  This  variability  is  in  sharp  contrast  to  the  uniformity  of 
results  obtained  in  MLD  titrations  on  the  more  susceptible  mouse,  guinea 
pig,  rabbit,  and  hamster,  and  necessitates  the  use  of  larger  numbers  of 
rats  if  reliable  results  are  to  be  obtained. 

Preliminary  experiments  had  suggested  that  the  "UL"  antigen 
present  in  embryonatcd  egg  tissues  was  at  least  partially  destroyed  by 
chemical  or  physical  manipulation  involved  in  processing  by  the  ether  ex¬ 
traction  method.  The  use  of  crude  egg  vaccines  had  been  more  promising 
hut  had  the  drawback  of  containing  a  large  proportion  of  egg  protein  which 
was  responsible  for  sensitization  of  the  animals  and,  it  was  postulated, 
might  also  interfere  with  the  development  of  immunity  by  the  process  of 
antigenic  blocking.  To  obtain  a  suspension  of  "UJ1  organisms  grown  in  the 
presence  of  living  chick  cells  containing  a  minimum  of  egg  protein,  and 
without  resorting  to  chemical  or  physical  purification,  vaccines  were  pre¬ 
pared  from  the  allantoic  fluid  of  "UJ1  infected  10  day  embryonated  eggs. 
Greater  numbers  of  "UL"  per  ml  were  obtained  from  eggs  inoculated  via  the 
membrane  (see  section  on  Cultivation  of"UL"  in  Embryonated  Eggs,  this  report). 
Formalin,  chloroform,  and  ultraviolet  irradiation  were  compared  as  killing 
agents  for  the  allantoic  fluid  vaccines.  The  results  shown  in  Table  XXXVI 
indicate  that  all  allantoic  fluid  vaccines  protected  rats.  Poorest  pro¬ 
tection  was  observed  with  formalin  killed  vaccines,  while  vaccines  killed 
by  chloroform  and  ultraviolet  irradiation  protected  90  to  10C$  of  animals 
against  challenge  with  1QC%  of  animals  against  challenge  with  100  to 
1,000.  LD  Vaccine  #23  was  attenuated  by  ultraviolet  irradiation  and  did 
not  kill  white  rats  but  still  contained  viable  "UL"  organisms  which  killed 
mice.  This  vaccine  protected  very  well  but  not  significantly  better  than 
a  similar  vaccine  killed  with  chloroform,  #26  in  Table  XXXVI.  Apparently 
chloroform  in  the  concentration  used  did  not  destroy  the  "UL"  antigen 
present  in  allantoic  fluid.  Another  ultraviolot-killed  vaccine  #28  was 
prepared  in  which  all  "UL"  organisms  were  killed  by  3/4  second  exposure 
in  a  special  apparatus  made  available  by  Park  e-Davis  and  Co.™7)  This 
vaccine  protected  rats  as  well  or  better  than  the  previous  attenuated 
vaccine  as  shown  in  Table  XXXtfl. 


Table  XXXVII  shows  that  rats  were  portected  as  well  by  crude 
membrane  and  yolk  sac  vaccines  as  they  were  by  the  allantoic  fluid  vaccines. 
No  difference  was  observed  between  formalin  and  chloroform  when  used  as 
killing  agents  for  vaccines.  One  yolk  sac  vaccine  #25  was  purified  by 
substituting  chloroform  for  ether  and  otherwise  following  the  method  used 
in  preparing  typhus  vaccine.  This  vaccine  conferred  some  protection  but 
was  not  as  active  as  the  crude  vaccines  or  the  allantoic  fluid  vaccines. 

Lablo  XXXVIII  shows  the  results  of  four  experiments  using  Foshavij 
vaccine  grown  in  gelatin  hydrolysate-red  blood  cell  extract  medium  and  killed 
with  0.5E  phenol,  ;his  vaccine  also  protected  rats  against  virulent  "UJ1 
challenge.  Uhere  signilicant  numbers  oi  animals  were  us^d  the  protection 
afforded  appeared  to  be  somewhat  less  than  that  observed  v.ith  allantoic  fluid 
vaccines,  especially  when  the  number  of  "UL"  organisms  per  ml  of  the  re¬ 
spective  vaccines  v.as  considered. 
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Table  XXXIX  shows  the  results  of  rat  vaccination  with  vaccines 
prepared  from  "UL"  cultures  grown  in  peptone  broth  (sec-  Media  Section  this 
report).  Because  preliminary  experiments  had  indicated  that  young  broth 
cultures  made  better  vaccines  than  older  cultures,  we  tested  vaccines  pre¬ 
pared  from  cultures  grown  for  10  hours,  24  hours,  72  hours  and  10  days. 

No  significant  difference  was  observed  and  these  findings  have  been  con¬ 
firmed  and  extended  by  Dr,  Downs  at  Kansas. Xn  a  preliminary  experiment 
an  alum  precipitated  peptone  broth  vaccine  (Table  XXXIX)  gave  good  pro¬ 
tection  but  had  the  drawback  of  causing  considerable  tissue  reaction  in 
rats  at  the  vaccination  site.  This  type  of  reaction  has  been  one  of  the 
drawbacks  to  human  vaccination  in  the  past,  especially  when  formalized 
vaccines  were  used.  Ve  therefore  deferred  further  studies  on  alum  pre¬ 
cipitated  antigens  until  purified  fractions  could  be  used. 


Twenty-four  hour  peptone  broth  culture  was  extracted  wil 
in  an  attempt  to  remove  some  of  the  nonessential  waste  products,' 

The  acetone  insoluble  portion  was  retained  and  standardized  as  described 
under  vaccine  ^30  and  #31  Appendix  D.  Immunization  of  rats  with  these  pre¬ 
parations  as  shown  in  Table  XL  indicated  that  the  acetone  insoluble  portion 
contained  the  antigen  responsible  for  immunization.  No  tissue  reaction 


was  observed  following  subcutaneous  injection  of  this  vaccine  in  rats.  A 
low  agglutinin  antibody  titer  to  Is 20  to  1:80  was  observed  in  rats  three 
weeks  after  vaccination. 


The  degree  of  antibody  production  following  vaccination  of  the  rat, 
guinea  pig  or  rabbit  does  not  parallel  the  degree  of  resistance  to  challenge, 
Tue  rabbit  produces  much  more  antibody  than  the  rat  but  succumbs  to  challenge 
with  1  MID.  Skin  tests  with  lushay’s  vaccine  and  \ith  acetone  extracted 
vaccine  on  persons  hypersensitive  to  "UL"  showed  the  acetone  extracted 
vaccine  to  be  much  less  irritating  when  used  in  comparable  amount  as  determined 
by  total  nitrogen  assay.  These  studies  with  the  acetone  extracted  antifen 
were  promising  and  indicated  that  further  fractionation  right  be  useful  to 
(1)  remove  sensitizing  material  from  the  whole  antigen  and  (2)  to  con¬ 
centrate  or  purify  the  essential  immunizing  antigen. 

Rats  had  been  protected  with  vaccines  prepared  from  cultures  grown 
in  three  menstrua,  namely,  ^oshay's  gelatin  hydrolysate-red  blood  cell  ex¬ 
tract  medium,  peptono  broth  medium,  and  embryonated  chicken  eggs.  For 
future  fractionation  studies  it  seemed  wise  to  concentrate  upon  cultures 
grown  in  onlyone  of  these  media  and  to  choose  the  one  which  protected  best 
in  its  unmodified  form.  A  comparison  of  throe  pcs  of  vaccine  shown  in 
Figure  10.  all  rats  were  vaecin:  ted  with  0,5  ml  subcutaneously  in  three 
doses  at  2  day  intervals  and  challenged  subcutaneously  17  days  later  with 
1,0  ml  of  10  dilution  of  a  standard  suspension  of  virulent  strain  S.  All 
vaccines  protected  against  this  challenge  of  approximately  1000  rat  LD 
Foshay(j  vaccine  gave  slightly  less  protection  than  the  oth,r  vaccines50’ 
although  the  difference  was  not  great.  The  peptone  broth,  acetone  extracted 
peptone  broth,  and  allantoic  fluid  vaccines  all  conferred  about  equal 
protection.  T..c  acetone  extracted  vaccine  and  Foshay's  vaccine  were  stan¬ 
dardized  to  contain  the  same  amount  of  bacterial  nitrogen.  Tr„.  ultraviolet 
killed  peptone  broth  vaccine  contained  about  one-third  this  amount,  and  the 
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allantoic  fluid  vaccine  contained  one-tenth  this  amount  judged  on  the 
basis  of  bacterial  count  before  killing.  From  the  standpoint  of  total 
amount  of  antigen  injected,  the  allantoic  fluid  vaccine  appeared  to  be  best, 
however,  subsequent  vaccination  with  ten  fold  dilutions  of  the  acetone 
extracted  vaccine  showed  no  significant  decrease  in  protection.  In  summary, 
vaccines  and  ^oshay's  vaccine  were  not  superior  to  simple  peptone 
broth  vaccines  and  were  more  difficult  to  prepare  and  reproduce.  Therefore, 
fractionation  studies  were  carried  out  on  peptone  broth  cultures. 

(See  section  H) 

(•1)'  Pathology  and  P'  thogenesis  of  »UL" 

(a)  The  Pathology  of  ”UL"  +n  the  Rot 

Rats  challenged  with  "UL"  usually  appear  quite  ill  within  24  hours, 
^hey  sit  in  the  corner  of  the  cage,  the  hair  is  rough  and  they  refuse  to 
eat.  Tae  animals  become  progressively  more  lethargic,  respiration  is 
labored,  and  terminally  they  are  prostrate.  They  expire  quietly  with  the 
belly  flat  on  the  floor  of  the  cage  and  the  head  extended.  The  majority 
of  deaths  occur  between  2  and  5  days  after  challenge.  Animals  which 
survive  for  5  or  6  days  frequently  show  a  marked  symptomatic  improvement  and 
go  on  to  eventual  recovery. 

Microscopic  Fc  thology 

At  autopsy  the  lymph  nodes  draining  the  challenge  site  are  slightly 
injected.  The  spleen  is  3-4  times  enlarged,  dark  bluish  purple,  and 
friable.  The  cut  suriace  is  firm  and  no  focal  lesions  are  visible,  The 
liver,  adrenals,  kidneys  and  lungs  appear  normal  to  gross  examination.  The 
same  gross  picture  is  seen  in  mice  except  that  the  liver  is  frequently 
distinctly  yellowish  in  color  and  the  liver  and  spleen  are  usually  covered 
with  minute  yellowish  foci. 

. Microscopically  the  liver  shows  multiple  small  areas  of  acute  focal 
necrotizing  hepatitis  infiltrated  with  polymorphonuclear  and  mononuclear 
cells  which  show  marked  fragmentation.  There  is  no  sharp  border  between 
normal  and  necrotic  tissue,  fuc  remaining  liver  cells  show  moderate  to 
marked  fatty  change  with  no  particular  distribution  in  the  lobule.  There 
are  numerous  small  araas  of  polymorphonuclear  and  mononuclear  infiltration 
without  necrosis  of  liver  cells,  Kupfer  cells  are  prominent,  Rounued 
mononuclear  cells  are  frequently  scattered  through  the  sinusoids  or  gathered 
m  small  clumps  with  necrosis  of  individual  cells  in  the  clump.  There  are 
few  lymphocytes  on  the  periportal  spaces. 

The  spleen  shows  extensive  coagulation  necrosis  vhich  involves 
the  M-iijuiiu:...  bodies  less  than  the  red  pulp.  Fragmented  polymorphonuclear- 
leukocytes  and  large  reticulo  endothelial  cells  are  seen  throughout  the 
red  pulp  and  in  necrotic  areas.  V,rhere  the  necrosis  is  limited  to  focal 
areas  in  the  red  pulp  there  is  no  cellular  border  around  the  foci.  The 
Malpighian  bodies  are  depleted  of  lymphocytes  and  some  contain  infiltrating 
polymorphonuclear-leukocytes.  There  arc  no  distinct  germinal  centers. 

Many  blood  vessels  contain  thrombi. 
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4onph  nodes  have  no  distinct  germinal  centers.  There  are  focal 
accumulations  of  large  pale  reticulo  endothelial  cells  in  the  nodes  and  in 
the  sinuses  with  central  necrosis  in  some.  A  few  large  basophilic  cells  which 
resemble  plasma  cells  are  seen  in  some  germinal  centers. 

The  adrenals  show  loss  of  cortical  lipoid  and  less  often  diffuse 
infiltration  with  polymorphonuclear  and  mononuclear  leukocytes.  Occasional 
clumps  of  large  mononuclear  cells  show  central  necrosis  and  occasional 
cortical  cells  are  necrotic.  No  unusual  findings  are  seen  in  the  medulla. 

The  lungs  frequently  show  some  edema  and  depletion  of  cells  in  the 
lymphoid  follicles.  Occasionally  the  alveolar  walls  are  thickened  and 
infiltrated  with  mononuclear  and  polymorphonuclear  cells. 

The  kidneys,  thymus,  and  pancreas  show  no  consistent  changes. 

(b)  Comparison  of  the  Rat  and  House 

The  microscopic  pathology  in  vaccinated  animals  was  compared  with 
that  in  normal  animals  in  the  following  experiment  carried  out  by  Ensign 
Spencer  (39),  (40).  Normal  and  immune  rats  were  challenged  intracutaneously 
with  0.1  rnl  of  a  lO"^  dilution  of  a  T500  suspension  of  Strain  SM-16.  Nurmal 
and  vaccinated  mice  were  challenged  intracutaneously  with  0.1  ml  of  a  10"5 
dilution  of  the  same  bacterial  suspension.  Two  animals  from  each  group  were 
sacrificed  at  the  following  intervals  after  challenges  immediately,  £,  1,  2, 
4,  8,  24,  48,  72,  and  %  hours.  Tissues  were  prepared  for  histopathological 
study  and  stained  sections  were  examined  by  Lt.  Comdr,  Paul  E.  Steiner. 

Pooled  weighed  blocks  of  fresh  liver  and  spleen  from  the  rats  were  ground 
aseptically  and  serial  dilutions  were  plated  on  DCBA  to  determine  how  soon 
and  in  what  quantity  the  organisms  appeared  in  these  organs. 

Microscopic  pathology 
Normal  Rats 


Skin-Injection  site.  The  injected  fluid  disappeared 
between  2  and  4  hours  after  challenge.  A  slight  increase  in  polymorphonuclear 
leukocytes  and  lymphocytes  appeared  after  1  hour.  At  8  hours  the  in¬ 
flammatory  reaction  was  intense.  It  consisted  of  a  large  area  of 
polymorphonuclear  infiltration  with  extensive  fragmentation  of  leukocytes. 

At  24  hours  central  necrosis  was  present  and  showed  a  progressive  increase 
thereafter.  Tiny  blue  coccoid  bodies  appeared  at  4  hours  and  increased  in 
numbers  at  8,  24,  and  48  hours.  They  wore  both  intracellular  and  ex¬ 
tracellular. 


Liver-  The  first  liver  changes  were  seen  at  24  hours 
and  consisted  of  small  areas  of  acute  interstitial  hepatitis  with  poly¬ 
morphonuclear  cells  predominating.  At  48  hours  numerous  larger  areas  of 
acute  focal  necrotizing  hepatitis  were  soen  and  the  remaining  liver  cells 
showed  extensive  fatty  change.  At  72  and  96  hours  the  necrotic  areas  were 
larger  and  very  few  intact  leukocytes  were  seen. 
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Spleen-Focal  infiltration  of  polymorphonuclear  leukocytes 
in  the  red  pulp  was  first  seen  at  24  hours.  These  areas  were  larger  and 
necrotic  at  48  hours.  By  72  hours  there  was  a  massive  necrosis  of  the  spleen 
involving  the  red  pulp  and  distorting  or  obliterating  the  Malpignian  bodies. 

Vaccinated  Rats 


Injection  site-The  sequence  of  events  at  the  site  of 
injection  resembled  that  seen  in  the  normal  rats  with  tvio  notable  exceptions: 
(1)  The  inflammatory  response  came  on  quicker,  having  already  begun  at  30 
minutes.  (2)  There  was  no  visible  massive  growth  of  organisms  as  seen  in 
the  normal  rats.  Fragmentation  of  leukocytes  was  almost  entirely  absent. 

At  48  hours  many  microphages  were  being  engulfed  by  macrophages  and  at  72 
hours  the  inflammation  was  subsiding. 

Liver  and  spleen-The  liver  remained  normal  throughout 
this  series  except  for  occasional  small  foci  of  hepatitis.  In  the  spleen 
there  were  no  areas  of  spleitis  and  necrosis  as  in  the  normal  rats.  Small 
groups  of  mononuclear  macrophages  were  present,  scattered  throughout  the  red 
pulp. 


Normal  mice 


Injection  site-The  injected  fluid  caused  distension  and 
separation  of  the  tissues.  It  was  nearly  absorbed  at  2  hours  and  completely 
absorbed  at  4  hours.  A  slight  inflammatory  response,  consisting  of  an  infil¬ 
tration  of  polymorphonuclear  leukocytes,  was  visible  at  \  hour  and  it  in¬ 
creased  steadily  thereafter.  .At  48  hours  the  infiltration  of  polymorphonuclear 
leukocytes  was  intense  and  some  necrosis  had  begun.  There  was  now  some 
inflammatory  edema.  By  96  hours  the  inflammatory  reaction  was  still  more  in¬ 
tense  and  the  overlying  epidermis  was  necrotic.  Great  numbers  of  tiny 
coccoid,  blue  bodies  were  present  in  sections  stained  with  Giemsa,  A  few 
macrophages  distended  with  these  bodies  were  seen. 

Liver-Tjbe  livers  of  the  .animals  sacrificed  up  to  72  hours 
were  rich  in  glycogen.  At  96  hours  a  sever  fatty  change  had  developed. 

Between  24  and  48  hours  numerous  acute  focal  lesions  appeared.  Some  of  them 
were  characterized  by  coagulation  necrosis  of  the  preexisting  liver  cells 
followed  by  leukocytic  infiltration.  At  72  hours  there  was  a  generalized 
increase  in  Kupfer  cells  and  in  some  areas  their  cytoplasm  contained  masses 
of  blue  coccoid  granules,  presumed  to  be"UL".  It  is  not  certain  whether 
or  not  these  cystic  cells  may  also  be  formed  from  liver  cells.  These  cysts 
became  enormous  by  96  hours.  Extracellular  blue  coccoid  granules  were  some¬ 
times  seen  in  the  areas  of  acute  coagulation  necrosis. 

Spleen-The  spleens  appeared  relatively  normal  up  to  24 
hours.  At  72  hours  ama.ll  nodular  groups  of  macrophages,  some  with  de¬ 
generative  changes  were  seen  in  the  red  pulp.  At  96  hours  the  necrosis  was 
severe  and  involved  all  parts  of  the  spleen,  but  the  centers  of  the 
Malpighian  bodies  were  least  affected.  The  blue  coccoid  granules  seen  at  the 
site  of  injection  and  in  the  liver  were  also  seen  in  macrophages  in  the  spleen. 
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Vaccinated  Mice 


Injection  sitq-The  inflammatory  reaction  resembled  that 
in  normal  mice  with  respect  to  cellular  and  fluid  response  and  speed  of  its 
development,  but  it  was  quantitatively  less  and  there  was  no  necrosis  of  the 
overlying  epithelium.  Fewer  blue  coccoid  granules  were  seen  at  the  injection 
site. 


Liver* Only  a  slight  degree  of  focal  hepatitis  developed 
and  the  macrophages  filled  by  blue  coccoid  bodies  did  not  appear  at  all.  The 
areas  of  focal  hepatitis  remained  small  and  they  consisted  mostly  of  large 
mononuclear  macrophages,  rather  than  polymorphonuclear  leukocytes.  There 
was  no  visible  necrosis  of  liver  cells. 

Spleen-T„e  spleens  remained  relatively  normal,  showing 
only  smallnodular  areas  of  large  mononuclear  macrophages  in  the  rod  pulp.  The 
acute  splenitis  with  widespread  necrosis  and  overwhelming  growth  of  the  blue 
coccoid  granules  was  net  seen  in  these  vaccinated  mice. 

Summary  of  histopathology  in  Mice 

There  appeared  to  be  inhibition  of  the  growth  of  the 
organisms  at  the  site  of  injection  with  resultant  sparing  of  the  viscers. 

Since  there  was  less  inflammatory  reaction  at  the  site  of  injection  in  the 
vaccinated  mice  than  in  the  normal  animals,  phagocytosis  must  have  been  more 
effective.  That  the  local  defense  was  not  fully  effective  is  hhown  by  the 
hematogenous  dissemination  which  occurred;  however,  some  degree  of  resistance 
was  induced  in  spleen  and  liver  by  the  vaccination  because  there  was 
effective  inhibition  of  the  organisms  at  this  point. 

Quantiative  Culture  of  liver  and  spleen  at  various  intervals  after 

challenge 

The  results  of  quantitative  culture  of  spleen  and  liver  tissue  at 
various  hours  after  challenge  are  shown  in  Table  LLI.  In  normal  mice  the 
organisms  had  reached  the  spleen  and  liver  8  hours  alter  challenge  and  the 
number  increased  steadily  until  at  96  hours  there  were  1  and  20  billion  "UL" 
organisms  per  milligram  of  tissue. 

The  first  positive  spleen  and  liver  cultures  were  obtained  at  13 
hours  in  both  normal  and  immune  rats.  In  the  normal  rats  the  number  of 
organisms  per  mgm  decreased  slightly  at  24  hours  and  thereafter  increased 
logarithmically  until  death.  In  the  vaccinated  rats  organisms  were  absent 
or  reduced  in  number  at  19  hours  and  absent  after  24  hours. 

These  findings  indicate  that  in  the  immune  rats  the  organisms  are 
not  held  at  the  site  of  challenge  but  multiply  and  invade  at  the  same  rate 
as  in  normal  rats.  Then,  sometime  between  13  and  19  hours  after  challenge 
the  immune  rats'  defensive  mechanisms  are  mobilized  and  the  organisms  are  ’ 
destroyed.  The  same  immune  mechanism  may  have  been  active  in  the  normal  rats 
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Mice  were  challenged  with  0.1  ml  of  10- 5  dilution  lntracutaneously 
Rats  were  challenged  with  C.l  ml  of  10-1  dilution  lntracutaneously 
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however ,  it  was  inadequate  and  served  only  to  reduce  the  number  of  organisms 
temporarily, 

( c )  Bactericidal  Property  of  Rat  Leukocytes 

The  bactericidal  effect  of  rat  leukocytes  on  ,r UL,f  was  studied  in  an 
effort  to  clarify  the  mechanism  of  resistance  and  immunity.  Leukocytes  were 
collected  from  normal  and  from  immune  rats  by  injecting  them  intraperitoneally 
with  saline  and  washing  the  leukocytes  out  of  the  peritoneal  cavity  after 
15-13  hours.  This  method  produced  mainly  polymorphonuclear  leukocytes. 

The  leukcytes  were  washed  with  saline  then  mixed  with  peritoneal  fluid  or 
serum  from  normal  or  vaccinated  rats  and  inoculated  with  various  quantities 
of  living  "UL"  organisms.  These  mixtures  were  incubated  at  37°C  and  DC3A 
plate  counts  were  made  at  intervals  to  determine  the  number  of  surviving 
"UL"  organisms. 


Peritoneal  fluid  or  serum  from  immune  rats  appeared  to  enhance  the 
ability  Oj.  leukocytes  to  reduce  the  number  of  organisms.  Leukocytes  from 
normal  rats  were  as  effective  as  leukocytes  from  immune  rats.  Organisms  in 
saline  died  rather  rapidly  whereas  organisms  in  normal  or  immune  serum 
multiplied  slowly.  In  summary,  very  moderate  bactericidal  action  was 
demonstrated  when  immune  serum  or  peritoneal  fluid  was  mixed  with  leukocytes, 
this  appears  to  be  an  immune  opsonin  effect. 


(d )  _ Bactericidal  Property  of  Immune  Rat  Serum 
No  in  vitro  bacterial  activity  of  immune  rat,  rabbit,  or  human 
serum  has  been  demonstrated  at  Camp  Detrick.  It  was  postulated  that  at  the 
time  the  defensive  mechanism  of  an  immune  rat  is  mobilized,  following  a 
rechallenge,  there  might  be  an  excess  of  bactericidal  substance  in  the  blood 
stream.  This  hypothesis  was  tested  by  rechallenging  31  rats  one  month 
after  they  had  recovered  from  a  previous  challenge.  Twenty-four  hours  after 
rechallenge  15  rats  were  sacrificed  and  the  blood  serum  collected,  pooled 
and  stored.  This  was  labelled  "24  hour  serum".  F^rty-eight  hours  after 

;h!;Se?ainXnfc'  l6,rat®  WGre  5ixnilarly  sacrificed  and  the  Dooled 
serum  labeled  48  hour  serum".  The  spleens  of  the  48  hour  rats  were* collect¬ 
ed  ground  aseptically  in  a  mortar  wj.th  saline  and  alundrn,  and  the  super¬ 
natant  cleared  by  centrifuging.  The  supernatant  was  labelled  "spleen  extract" 

P°°lod  sPecimens  and  the  spleen  extract  were  inactivated  by  heating 
at  50  lor  30  minutes  and  tested  in 


of  ,  4  - -  4.*ww4.»uvtu  uv  iitJciU 

„°5  ,[anutes  and  tested  in  vitro  with  fresh  guinea  pig  complement 
-  bactericidal  activity  against  dilutions  of  living  "UL".  After  ? 


for  "UL"  bactericidal  activity  against  dilutions  of  living  "UL".  After  2 
hours  incubation  the  tubes  were  plated  on  DCBA  and  injected  into  mice.  No 
bactericidal  activity  w r.  demonstrated  by  any  of  these  preparations. 


(b) 


Passive  Protection 

Passive  protection  of  rats  with  the  24  hour  and  48  hour  rat  sera 
and  the  spleen  extracts  was  also  attempted.  Normal  rats  were  challenged 
intraperitoneally  with  1.0  ml  of  10“3  dilution  followed  immediately  by 
1.0  ml  of  rat  serum  or  spUf-n  extract.  The  injection  of  scrum  or  spleen 
extract  was  repeated  *  hours  later.  The  results  .-re  shown  in  Table  XLII. 
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Table  XLII 

Failure  to  Passively  Protect  R^ts  With  Immune  Rat  Serum  or  With  Spleen 

Extract  of  Immune  Ruts 


Serum 

Agglutination 

Ti  ter 

Total  Serum 

^Deaths 

^Tested 

24  hour  serum 

1:80 

2.0  ml 

10/10 

48  hour  serum 

1  :  CO 

2.0  ml 

9/10 

Spleen  extract 

1;  1C 

2..0  ml 

9/10 

Controls 

- 

None 

10/10 

These  tests  were  repeated  with  immune  sera  from  the  rat,  horse, 
man,  goat,  ana  rabbit  as  shown  in  Table  XLIII  with  similar  lack  of  protection. 


Greatest  survival  was  obtained  with  serum  from  normal  rats  with  a 
negative  agglutinin  titer,  while  serum  from  immune  rats  protected  less  well. 

It  is  believed  that  the  variation  in  %  survival  shown  in  Table  XLIII  is 
merely  the  variation  in  natural  resistance  of  individual  rats.  By  the  use 
of  a  smaller  challenge  one  might  be  able  to  show  slight  protection  or  pro¬ 
longation  of  life,  out  the  authors  believe  that  passive  protection  of  the 
rat  is  no  more  feasible  ana  of  no  more  significance  then  that  previously 
reported  for  the  rabbit  (Francis  41;. 

It  was  postulated  that  incubation  of  the  immune  serum  with  the 
living  "UL"  organisms  before  injection  might  give  the  opsonins  a  better 
change  to  act.  Fresh  immune  rat  serum  with  an  agglutinin  titer  of  1:80 
was  mixed  in  equal  portions  with  saline  containing  10-12  living  "UL"' organisms 
per  ml,  and  the  mixture  incubated  at  37°C  for  2b  hours.  One  ml  portions  were 
then  injected  into  mice  as  shown  in  the  following  table. 

These  results  indicate  that  passive  transfer  of  s  erum  from  vaccinated 
or  immune  animals  does  not  protect  mice  or  rats  from  fatal  infection.  "UL" 
is  not  killed  by  in  vitro  contact  with  serum  from  immune  animals.  Apparently 
in  these  laboratory  animals  immunity  to  "UL"  infection  is  not  a  function  of 
circulating  antibody. 

(f)  dL^LlO.jsoons^  in  Formal  and  Vaccinated  Rats  Following  ChaUm** 

An  observation  which  may  have  some  bearing  on  the  natural  immunity 
of  rats  was  made  while  doing  agglutination  titers  on  normal  rats  before  and 
after  challenge.  Two  hunirod  rats  were  divided  into  five  groups.  One  group 
of  40  rats  was  retained  as  controls  and  each  of  the  other  groups  were 
vaccinated  with  acetone  extracted  vaccine  if}'...  The  vaccine  was  administered 
subcutaneously  in  the  amount  cf  4.0  mgm  total  solids  to  one  group  and  0.4 
mgm  total  solids  to  another  group.  For  the  other  two  groups  the  vaccine 
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Table  XLIII 

Failure  of  Passive  Protection  of  Rats 


|Rats 

_ 

Aut-iserun 

Challenge 

Dilution 

ft  Dead 

% 

Sourcn 

Titer 

Dose 

it  Tested 

Survival 

1  10 

Rat 

Jtefe* 

2.5  ml  sq  1  nl  10“^  sq 

i  3/10 

70 

10 

! 

Rat 

.1 '  EC 

I* 

l 

I 

1. 

7/10 

3° 

O 

i — 1 

Horse 

Neg* 

;  M 

II 

9/10 

10 

I 

10 

Horse 

1: 1200 

n 

V 

7/10 

30  | 

j 

!  io 

i 

Hunan 

Fog-" 

ii 

10/10 

i 

o  ! 

j 

'  3 

l 

Hunan 

1:1280 

if 

n 

7/8 

13  i 

1 

10 

l 

1 

None 

• 

!  « 

i 

9/10 

10 

,0 

Goat 

1: AC, 960 

1  i:.l  ip 

1  ml  30“-^  ip 

30/3  0  , 

i 

j 

0 

o 

Goat 

Net* 

tl 

1. 

8/10 

I 

20 

10 

Rabbit 

1:160 

tf 

It 

8/10 

20 

1 

10  ■ 

Rabbi*:  j 

Hegt- 

If 

II 

10/10 

0 

*  Serun  obtained  froru  noruai  aninals 
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Table  XLIV 


Failure  of  Passive  Mouse  Protection  With  R;  t  Immune  Scrum 

#Mice  dead 
$Mice  injected 

Rat  immune  seruri  plus  L.m  12/12 

Same  with  an  additional  0,5  ml  f  immune  serum  6/6 

24  hours  Late; 


Rat  normal  serum  plus  "ill" 


10/10 


"UL"  only 


8/8 


was  heated  at  100JC  for  one  hour  and  administered  i.n  the  same  manner.  Three 
weeks  later  all  animals  were  challenged  with  100  LD_n,  iive  animals  from 
each  group  were  bled  for  rn  agglutinin  titer  on  the ?aay  of  challenge  and  on 
the  3rd,  6th,  15th,  28th,  and  35th  day  after  challenge  as  shown  in  Figure  11. 

The  tit. err  of  all  vaccinated  animals  were  so  uniform  that  they  are 
added  together  for  purposes  of  graphing.  All  vaccinated  animals  had  a  titer 
at  the  time  of  challenge  which  dropped  three  days  after  challenge  and  re¬ 
turned  to  the  origami  or  farm:-  oiter  on  the  6tn  day  after  challenge. 

Neither  the  amount  ef  vaccine  administered  nor  beating  oho  vaccine  for  1 
hour  at  10C°d  had  an/  appreciable  affect  on  the  degree  of  antibody  production 
Unvaccinated  controls  had  no  titer  at  the  time  of  challenge ,  but  3  out  of  5 
had  an  appreciable  titer  3  days  after  challenge  and  6  days  after  challenge 
all  had  titers  equal  to  or  higher  than  the  vaccinated  animals.  While  the 
agglutinin  titer  is  not  an  accurate  index  of  immunity  the  rapid  production 
of  antibody  in  rcrmal  rats  after  challenge  probably  indicates  that  their 
defensive  mechanism  is  mobilize  very  q'uckly,  Tile  time  of  appearance  of 
circulating  tgglutinirs  in  normal  rats  following  challenge  (live  or  six 
days)  corresponds  very  closely  with  the  time  they  begin  to  show  marked 
symptomatic  improvement.  Most  deaths,  in  both  vaccinated  and  normal  rats, 
occur  within  the  first  challenge  6  days  after  challenge. 

d .  L. c e  j M.ls  mus cuius  Albino) 

Early  rtctmpts  t  -amp  Detrick  to  protect  nice  by  vaccination  failed. 
This  was  in  line  with  the  previous  experience  of  Foshay  and  Downs  (per,  com.) 
However,  it  was  observed  at  Camp  Detrick  that  even  though  vaccinated  animals 
died  of  "UL"  infection  when  challenged,  microscopic  pathological  changes  in 
the  liver  and  spleen  were  significantly  more  localized  than  in  unvaccinated 
mice.  Less  extensive  necrosis,  a  greater  infi] t-at ion  of  large  mononuclear 
colls  and  loss  grov.’tp  of  ''IT11  oreynidms  were  the  cn .ef  changes  noted.  These 
pathological  findings  suggested  that  with  a  bettor  vaccine,  longer  period  of 
immunization  and  a  smaller  eh  allonge  it  might  be  possible  to  demonstrate 
active  immunity  in  mice  by  means  of  vaccination, 
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Tables  XLV,  XLVI,  XLVII  show  the  results  of  four  mouse  experiments 
in  which  vaccinated  animals  were  challenged  with  graduated  doses  of  living 
virulent  "UL",  Table  XLV  shows  the  mouse  protective  effect  of  9  ether 
purified  vaccines  prepared  from  infected  erabryonated  eggs  when  administered 
over  a  short  period  of  time  and  challenged  15  days  after  immunization.  Oi 
these  animals,  8,4$  were  protected  against  10  MT.n  challenge  and  0,87$ 
were  protected  against  100  MID  challenge.  Survivors  were  scattered  throughout 
the  groups  and  no  vaccine  appeared  to  be  significantly  superior  to  the  others. 
Surviving  animals  were  rechallenged  with  100  MID  and  all  died  of  "UL" 
infection. 


Table  XLVI  shows  the  results  of  similar  mouse  immunization  with 
three  peptone  broth  vaccines  (numbers  27,  33,  and  34),  one  chloroform  ex¬ 
tracted  yolk  sac  vafcine  (number  24)  Foshay’s  gelatin  hydrolysate  vaccine 
(number  16)  and  acetone  extracted  vaccine  (number  30).  The  table  shows  the 
approximate  bacterial  count  per  ml  of  the  vaccines  employed.  Some  protection 
was  conferred  by  vaccination  since  35.4$  were  protected  against  1  MLD, 

14.5%  were  protected  against  10  MLD  and  4.3$  were  protected  against  100  MID. 
Lith  the  better  vaccines  50  to  100$  of  animals  were  protected  against  1  MLD 
and  a  few  animals  survived  100  MID,  The  degree  of  protection  appeared  to  be 
associated  with  the  number  of  organisms  per  ml  of  vaccine  rather  than  with 
the  method  of  preparation  or  source  of  the  culture  used  for  vaccine  pre¬ 
paration.  Surviving  animals  were  rechallenged  with  10  MID  and  all  died  of 
typical  "UL"  infection. 


The  above  experiment  was  repeated  with  a  different  strain  of  white 
mice  (Hover),  The  same  vaccines  were  used  except  that  a  new  yolk  sac 
preparation  (C-5)  containing  aqueous  phase  extract  from  12  billion  organisms 
per  ml  was  employed,  and  instead  of  the  10  hour  and  12  hour  peptone  vaccines, 
a  24  hour  peptone  culture  containing  6  billion  organisms  per  ml  killed 
with  0,5$  phenol  and  a  Seitz  filtrate  of  this  same  culture  were  used.  Twenty* 
seven  days  after  vaccination  all  animals  were  given  a  booster  dose  of  vaccine 
and  12  days  after  the  booster  dose  they  were  challenged  as  before,  Results 
are  shown  in  Table  XLVII  and  Figure  12.  Of  these  animals  40,0$  survived 
1  MLD  and  3.4$  survived  10  MLD  challenge.  The  acetone  extracted  peptone 
broth  culture  protected  best.  Seventy-two  hour  phenolized  peptone  vaccine 
V  vaccine,  and  *oshay»s  vaccine  gave  about  equal  protection.  The  24  hour 
phenolized  peptone  broth  culture  protected  slightly  but  the  Seitz  filtrate 
ol  this  vaccine  conferred  no  protection  indicating  that  there  was  no  soluble 
protective  antigen  in  the  broth  culture  capable  of  passing  through  the  filter, 

ann  •  lh^  agglutinin  antibody  production  following  hyper-immunization  of 
300  mice  with  vaccine  #30  is  shown  in  Figure  13  and  the  results  of  challenge 
are  shown  m  Table  XLVII.  These  animals  were  given  0.25  ml  of  vaccine 
subcutaneously  on  2  alternate  days.  Twenty-six  and  fourty-seven  days  later 

6^Ven  additional  booster  doses  of  vaccine.  All  were  challenged  with 
1  IXD  subcutaneously  7  days  after  the  last  booster  dose.  At  intervals  through¬ 
out  the  immunization  period  10  mice  were  bled  and  "UL"  cagglutination  tests 
were  run  on  each  of  the  ten  animals  separately.  The  titers  of  the  ten  animals 
ere  averaged  and  the  mean  titer  is  shown  graphically  in  Figure  13, 


-87- 


SECRET 


imumE 


liliill 


SIHIB 


VACCINE 


‘  /  VI  -  */^*W,d3t£3»N*» 


*  fi 

Vt  /  frtJsGLLiA'n 


SURVIVAL  OP  »'U» 


Form  of  Organism  Agent  Survival  Reference 


Culture 

Formalin  0.1$ 

Less  than  24  hours 

Medicine, 1928, 7,411 

Spleen 

1$  tricresol 

2  minutes 

Medicine, 1928, 7, 411 

Spleen 

Whole  glycerin 

1  month  20°C 

Medicine , 1923 , 7  j  411 

Spleen 

Whole  glycerin 

6  months  10°C 

Medicine , 1928 , 7  >411 

• 

Spleen 

Whole  glycerin 

6  years  14°C 

U.S.  Public  Health 
Report, 1932, 47, 1287 

j 

\ 

N 

Spleen 

Frozen 

3  weeks 

U.S.  Public  Health 
Report, 1932, 47, 1287 

-V 

"V 

r* 

•  > 

r 

,  .4 

Culture 

%  phenol 

Less  than  10  min. 

Downs,  personal  com¬ 
munication 

\ 

~s 

Culture 

70$  alcohol 

Less  than  10  min. 

Downs,  personal  com¬ 
munication 

■*» 

■<‘4 

Culture 

1.0$  formal¬ 
dehyde 

Less  than  10  min. 

Downs,  personal  com¬ 
munication 

Culture 

1-1000  mer- 
thiolate 

Less  than  10  min. 

Downs,  personal  com¬ 
munication 

In  Water 

16  days 

American  Journal  of 
Hygiene,  1942,36,168 

/ 

In  Mud 

31  days 

American  Journal  of 
Hygiene,  1942,36,168 

In  dried  Rab¬ 
bit  Skin 

- 

45  days 

Medicine,  1940,19-1 

In  Milk 

20  days 

Zeit  &  Hyg.  u  Infectkr 

1936,119,425 

In  Frozen  Carcass 

30  days 

Vestnik  mikr  ep  &  par 

1937,16,308 

Bedbug  Feces 

dried 

25  dqys 
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Table  XLV 


Protection  of  Mice  with  Purified  Embry ona ted  Egg  Vaccine 

^ch  mouse  given  two  injections  of  0.5  ml  of  vaccine  subcutaneously  at  3 
day  intervals  and  challenged  intraperitoneally  15  days  later. 


Vaccine 
ft  Code 

No.  of 
Mice 

1 

10 

100 

1000 

Deaths 

Total 

9  SYS-M 

11 

11 

19 

5/6 

10/10 

5/5 

9/9 

10/11 

19/19 

2  F038YS//1 

2  F038YS^1 

3  F038YSV2 

14, 

11 

22 

7/7 

5/6 

10/11 

7/7 

5/5 

11/11 

14/14 

10/11 

21/22 

10  C 

11 

20 

4/6 

10/10 

5/5 

10/10 

9/11 

20/20 

4  38  Merab  inoc 

YS 

21 

9/10 

11/11 

20/21 

5  38  Merab  inoc 
Fluid 

24 

9/12 

11/12 

20/24 

7  S  Merab 

-■  19  - 

10/10 

9/9 

19/19 

8  S  Fluid 

20 

10/10 

10/10 

20/20 

6  6YS 

18 

9/9 

9/9 

18/18 

Total  ft  Dead 

ft  Challenged 

98/107 

102/103 

200/210 

Per  cent  survival 

8,4 

0.87 

4.8 

Controls 

24 

6/6 

6/6 

6/6 

6/6 

24/24 
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86 
91 
,  91 
93 

93 

94 
96 

121 

122 

127 

127 

131 

131 

134 

136 

136 

140 

140 

141 
141 
143 

148 

149 

150 

150 

151 

152 

152 

153 

158 
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160 

160 

162 

162 

166 

167 

168 
168' 
169' 

170  v 

171 
171 
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d.  Mice 

(1)  Latent  Infection  in  Mice 

(2)  Resistance  of  Surviving  Mice  to  Rechalxenge 

(3)  Pathology  of  "UL"  in  Convalescent  Mice 
c.  Monkeys 

(1)  Experiment  .1 

(2)  Experiment  II 

f.  Summary  of  Animal  Immunization  Experiments 
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Neut.  Band 
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Eo  " 
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Neut.  Juv. 
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11.7 % 
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,3% 
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Myelo. 

7.3 % 

8.3* 

Eo.'  " 

. 7 % 

1.7% 
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.7% 

Premyelocytes 

3,3% 

2,3% 

Myeloblasts 

8% 

3% 

Lymphs 

0.7% 

Monos . 

2.0% 

Plasma 

Normoblasts 

9,7% 

23% 

kacroblasts 

10% 

10% 

Megal oblasts 

0,7% 

1% 

Megakaryocytes 

0.7% 

Small  cells  very  25.32 
little  or  no  cytop. 
Either  nucleated 
reds  or  iiyeloblasts 
(micro.).  Probably 
normoblasts. 
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Bone  Marrow 

in  Normal  and  Recovered  Monkeys 
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Normal 

23.32 
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2.0$ 

1.32 

17.3% 

17.72 

20.72 

.3% 

1.02 

0.72 

7.7% 

7.32 

8.32 

.7% 

9% 

5.72 

9.02 

1$ 

1.72 

0.72 

1.3% 

0.72 

0.32 

7.3% 

7.C2 

4.72 

7.3% 

7.02 

3.02 

3% 

1.32 
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£.72 

4.32 
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32 
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Table  No.  56A 

DIFFERENTIAL  LEUCOCYTE  COUNT  ON  NORMAL  AND 
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Monkey  No. 

57 

66 

67 

71 

Normal 

Monos 

0 

2 

0 

0 

5 

£.osin 

2 

1 

u 

0 

0 
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2 

1 

0 

1 

0 

lymph 

52 

35 

48 

46 

44 

bands 

0 

0 

J 

0 

0 

1 

begs 

44 

58 

48 

51 

50 

*  -  These  results  were  obtained  at  the  same  tine  as  bone  narrow  differential 
of  Table 


11  animals  given  C.25  ml  of  vaccine  intraperi toneally  on  3  alternate  da 


TABLE  XL  VI I 


Controls  6 7  None  4/12  27/31  12/12  12/12 
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Following  vaccination  All  mide, developed  agglutinin  titers  which 
persisted  for  3  weeks  and  started  falling  fester  four  weeks.  A  booster  dose 
of  vaccine  caused  a  rise  in  titer  after  four  dgcys  which  had  started  to  fall 
again  8  days  later.  A  second  booster  dose  of  vaccine  20  days  later*  was  not 
followed  by  an  increase  in  titer.  Two  days  after  challenge  the  average  titer 
of  ten  /nice  was  low  but  four  days  after  challenge  the  average  titer  reached 
a  new  high.  The  titer  of  survivors  fell  gradually  over  the  next  month. 
Ninety-seven  out  of  166  vaccinated  mice  died  following  1  LID  challenge  (  or 
42$  survival). 

A  compilation  of  data  for  15  days  survival  in  the  four  mouse 
vaccination  experiments  shows  a  mean  percentage  survival  of  39.1%  when  challenge- 
ed  with  1  MLD;  8.8%  survival  when  challenged  with  10  MLD;  and  2.6$  survival 
when  challenged  with  100  MID. 

M  v  (^j'-jji4teqt,;^jif-ection  in  Mice 

Vaccinated  mice  which  survived  challenge  were  outwardly  healthy  but 
an  occasional  mouse  died  as  long  as  30  days  after  challenge.  At  autopsy  most 
of  these  deaths  proved  to  be  nonspecific,  however  "UL"  was  recovered  from 
some  animals  and  the  recovered  cultures  were  shown  to  be  fully  virulent  for 
mice.  Apparently  some  surviving  mice  oontinued  to  harbor  virulent  organisms. 

To  determine  the  incidence  of  chronic  or  latent  infection,  groups  of  animals 
were  sacrificed  at  intervals  after  challenge.  The  spleens  were  removed  at 
autopsy  and  cultured  for  "UL"  by  making  impression  smears  on  DC^  plates. 

A  small  percentage  of  positive  cultures  was  obtained  by  this  method  but 
later  work  showed  that  a  much  higher  percentage  of  latent  infections  could  be 
demonstrated  by  grinding  the  mouse  spleens  with  sterile  aand  and  reinjecting 
the  supernatant  fluid  into  mice.  Table  XLVIII  shows  the  results  obtained. 

Thirty  percent  of  the  mice  had  "UL"  in  their  spleens  for  as  long  as  thirty 
doys  after  infection.  It  is  possible  that  a  higher  percentage  of  positive 
cultures  would  have  been  shown  if  lymph  nodes  and  bone  marrow  had  also  been 
sampled. 

*'  •*'•  *  "  (2)  Resistance,  a-^urviving  MLce’le  Rechallenge 

Previous  studies  had  shown  that  vaccinated  mice  which  survived  a 
small  challenge  were  not  subsequently  resistant  to  a  challenge  of  10  or  100  MLD. 

To  determine  the  relative  resistance  of  surviving  mice  an  MLD  titration  was 
carried  out  on  a  group  of  mice  which  had  survived  for  31  days  after  a  challenge 
with  1  MID.  The  results  are  shown  in  Table  XLIX. 

Table  XLIX  indicates  that  immunity  induced  by  vaccination  was  not 
enhanced  appreciably  by  recovery  from  a  sublethal  challenge.  Individual 
animals  .  .  survived  100  LD  doses  but  the  susceptibility  of  the  group  as  a 
whole  suggests  that  those  animals  which  survived  the  first  challenge  were 
not  rendered  immune. 

In  one  experiment  surviving  animals  were  dusted  with  DDT  on  the 
11th  day  following  challenge  and  30$  of  them  were  found  dead  the  next  day. 

Post  mortum  spleen  cultures  showed  that  many  but  not  all  of  these  animals 
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*  Table  XL VIII 


Days 


Latent  Infection  in  Survivihg  Vaccinated  Mice  After  Challenge 

i 


After  Infection 

Spleen  Ciilturb 

&  PQ5iHve 

#  Sampled 

%  Positive 

15 

DCBA 

3/30 

10 

19 

Mouse  injection 

5/10 

50 

20 

Mouse  injection 

10/23 

43.5 

30 

Mouse  injection 

3/10 

30 

Table  XLIX 


MLD  Titration  on  Surviving  Mice 
Challenge  suspension  contained  1.05xlo"  organisms  per  ml 


Challenge  No.  of  #  Deaths 

Dilution  Mice  Total 

Survivors  ■ 


% 

Survival 


Organisms 
per  LD50 


10' 

10 

10' 


r7 


Normal  controls 

10"g 
10  8 


10 


r9 


Expressed  as 
LD^q/kiI 


10 

5/10 

50 

10-8-25 

10 

8/10 

20 

4.0 

10 

3/10 

70 

7 

7/7 

0 

7 

7/7 

0 

10-9.0 

0.5 

8 

4/8 

50 

the  dilution  of  challenge  suspension  which  contained  one 


harbored  "UL"  organisms  in  great  numbers.  Normal  controls  of  the  same  age 
and  weight  similarly  dusted  with  DDT  remained  healthy.  Apparently  DDT  was 
more  toxic  for  animals  with  latent  "UL"  infections. 

f'oroy-one  days  after  the  original  challenge,  11  outwardly  healthy 
surviving  mice  were  placed  in  the  37°C  incubator  on  a  shaking  machine  which 
made  70  occillations  per  minute.  Eleven  normal  controls  of  equal  age  and 
weight  were  similarly  treated.  At  the  end  of  6  hours  10  out  of  11  of  the 
test  animals  were  dead  while  all  II  of  the  normal  controls  survived.  Spleen 
cultures  on  all  dead  animals  were  negative  for  "UL".  Microscopic  sections 
showed  marked  acute  passive  congestion  of  the  spleen  and  liver,  hnd  hemorrhage 
into  the  liver  tissue.  The  cytoplasm  of  liver  cells  around  the  central  veins 
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stained  pale  pink  with  H  and  E  and  the  nuolei  w@re  pale  but  still  visible. 
Controls  showed  nothing  unusual  in  the  liVef*  bi1  spleeh 4 

While  this  was  a  severe  test,  the  fact  that  all  the  normal  animals 
survived  indicates  a  lack  of  physiological  reserve  in  the  recovered  vaccinated 
animals.^  The  negative  spleen  cultures  indicate  that  these  animals  did  not  die 
of  "UL"  infection.  A  prolonged  period  of  convalescence  has  been  observed  in 
man  after  recovery  from  "UL1!  infections.  During  this  period  easy  fatiguability 
weakness  and  lack  of  endurance  are  the  chief  symptoms  and  it  is  possible  that 
in  the  recovered  mouse  we  have  found  an  experimental  animal  which  can  be  used 
to  study  the  mechanism  of  the  prolonged  debility  following  recovery  from  "UL" 
infection, 

1  '  1, 

•-  *'(3).  Pathology  cf  "UlX  in*GoftUalescent  Mice 

The  pathology  of"UL"  in  normal  and  vaccinated  mice  has  been  described 
elsewhere  in  this  report.  (See  section  on  Immunization  of  Rats,  Pathology  and- 
Pathogenesis.)  The  microscopic  findings  in  vaccinated  recovered  mice 
sacrificed  15  days  after  infection  were  variable.  In  a  few  animals  the  spleen 
contained  small  areas  of  coagulation  necrosis  in  the  red  pulp  with  infiltrating 
polymorphonuclear  and. large  mononuclear  cells.  In  some  of  these  animals  small 
areas  of  focal  necrosis  and  mononuclear  infiltration  were  found  in  the  liver. 
Kupfer  cells  were  prominent.  One  animal  had  areas  of  focal  hyperplasia  of 
large  mononuclear  cells  in  the  lungs,  one  of  which  showed  central  necrosis  1 
of  the  mononuclear  cells.  These  animals  had  positive  spleen  cultures  at 
autopsy  and  may  have  eventually  died  of  "UL"  infection. 

The  majority  of  animals  sacrificed  at  15  days  showed  only  small  areas 
of  focal  hepatitis  infiltrated  with  mononuclear  macrophages.  Kupfer  cells 
were  prominent  thDoughout  the  sinusoids.  No  necrosis  of  liver  cells  were  seen. 
The  spleens  of  these  animals  shoved  malpighian  hyperplasia  and  an  extensive 
hyperplasia  of  the  reticulum  cells  of  the  red  pulp. 

Xn  general  these  same  variations  were  seen  in  animals  sacrificed 
30  days  after  challenge.  Sections  of  liver  and  spleen  from  a  number  of  mice 
in  this  group  appeared  perfectly  normal. 

In  summary  the  results  of  spleen  culture,  and  the  microscopic 
pathology,  suggest  that  vaccination  converts  "UL"  from  an  acute  fulminating 
disease  to  a  chronic  or  latent  infection  in  a  substantial  percentage  of  mice 
The  latent  or  chronic. infection  finally  proves  fatal  in  some  animals  but 
others  gradually  eliminate  the  organism  completely  as  shown  by  microscopic 
pathology  and  spleen  culture.  Convalescing  mice  in  which  no  viable  organisms 
can  be  demonstrated  readily  succumb  to  chemical  and  physical  trauma  which  is 
not  fatal  to  normal  mice, 

p.  Monkeys  (Macacus  rhesus-Lidia) 

The  occurrence  of  local  skin  ulceration  and  regional  lymph adenopathy 
m  monkeys  (Section  B-2)  challenged  with  "UL"  suggested  the  clinical  picture 
seen  in  the  ulc eroglandular  form  of  "UL"  infection  in  man.  However,  the 

-93- 


SECRET 


SECRET 


mortality  rate  in  monkeys  appeared  to  bd  plater  than  in  man  and  therefore 
a  vaccine  which  would  protect  the  monkey  itl|nt  be  very  efficacious  in  man* 

To  obtain  more  information  on  the  course  of  "bL11  infection  in  monkeys  and  to 
study  the  effect  of  vaccination  on  the  course  of  the  disease,  two  experiments 
were  carried  out.  In  the  first  experiment  young  immature  monkeys  averaging 
to  5^  pounds  in  weight  were  used.  In  the  sec  end  experiment  6  to  10  pound 
young  adult  animals  were  used. 

'  (1)  ^Experiment  I 

Four  young  Macacus  rhesus  monkeys  were  given  0.5  ml  of  acetone  ex¬ 
tracted  vaccine  #30  subcutaneously  on  three  alternate  days  in  accordance  with 
the  standard  procedures  for  human  vaccination.  One  monkey  was  vaccin  ted 
later  than  the  others  and  was  therefore  challenged  10  days  after  vaccination, 
whereas  the  other  three  were  challenged  29  days,  after  vaccination.  Five 
normal  controls  were  challenged  at  the  same  time.  Dae  challenge  consisted 
of  1,0  nil  of  a  10  dilution  of  a  24  hour  culture  of  strain  SM21R3  injected 
subcutaneously  on  the  belly  1  inch  to  the  left  and  1  inch  anterior  to  the 
umbilicus.  This  challenge  contained  217,000  organisms  by  plate  count  or 
between  10,000  and  100,000  monkey  MID  on  the  basis  of  a  previous  incomplete 
monkey  titration  on  animals  of  the  same  weight.  Daily  complete  blood  counts, 
clotting  time,  prothrombin  time,  and  blood  cultures  were  made.  Rectal 
temperatures  were  taken  every  6  hours.  Agglutination  tests,  weights,  skin 
tests,  and  urinalysis  were  taken  at  suitable  intervals, 

Tabulated  results  are  given  in  Tables  L  and  "I.  All  monkeys  became 
ill  within  24  hours  as  shown  by  andevation  of  rectal  temperature.  The  third 
column  in  Table  L  shows  that  the  5  control  monkeys  died  within  6  days.  One 
vaccinated  animal,  #51,'  died  after  4  days  and  the  other  three  lived  slightly 
longer  than  the  controls. 

All  control  monkeys  ran  a  course  similar  to  that  previously  reported 
(Section  III-B-2  this  report).  They  had  a  high  rectal  temperature  for  several 
days  which  fell  to  subnormal  levels  12  hours  before  death,  coincident  with  a 
fall  in  total  white  blood  cell  count  and  extreme  prostration.  Blood  cultures 
were  positive  on  an  average  of  3  days  prior  to  death  and  quantitative  counts 
demonstrated  a  daily  logarithmic  increase  in  number  of  organisms  per  ml  of 
blood.  Prothrombin  and  clotting  time  remained  normal  in  3  out  of  the  5 
controls  and ^were  moderately  elevated  in  2  animals  just  prior  to  death.  The 
outstanding  findings  in  microscopic  pathology  were  fatty  degeneration  of 
liver  c* 11s  and  extensive  focal  hepatitis,  massive  coagulation  necrosis  of 
ti.e  spleen,  necrosis  of  the  skin  without  involvement  of  the  muscle  layer 
of  the  belly  wall,  and  central  coagulation  necrosis  of  regional  lymph  nodes. 
Congestion,  minute  hemorrhagic  areas,  and  small  areas  of  focal  necrosis  were 
seen  in  the  adrenal  cortex  together  with  depletion  of  cortical  lipoid. 

Although  all  the  vaccinated  animals  died,  they  differed  in’  several 
respects  from  the  controls.  Number  51  which  died  on  the  4th  day  was  found 
at  autopsy  to  be  heavily  infested  with  tapeworms.  He  had  been  edematous  and 
had  lost  weight  even  before  challenge.  Monkeys  60  and  64  lived  slightly 
longer  that  the  controls  and  #58  lived  14  days.  During  the  last  three  days 

of  life,  monkey  #58  developed  a  spiking  temperature,  accompanied  by  grunting 
res pi ration,  " 
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Summary  of  Results  of  "UL"  Challenge  in  Vaccinated  Monkeys 

Number  Indicate  the  Day  of  Disease  on  Which  a  Finding  First  Became  Positive 
All  Monkeys  Challenged  Subcut.  With  217,000  Viable  Organisms  Strain  SM21R3 
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In  general  the  vacciftated  monkeys  developed  larger,  more  extensive 
local  lesions  at  the  site  of  challenge  than  did  the  controls.  This  is  shown 
in  the  5th  column  in'  Table  L  under  "hemorrhage  into  the  local  lesion". 
Vaccinated  monkeys  developed  moderate  lehcopenid  before  death  with  nearly 
normal  ratio  between  segmented  and  ttoK^segmehted  cells,  whereas  the  controls, 
showed  total  white  counts  of  one  to  two  tnoliShnti  ttith  almost  complete  absence 
of  polymorphonuclear  cells. 

Vaccinated  animals  did  not  develop  generalized  petechial  hemorrhages 
in  the  skin  such  were  seen  in  4  of  the  5  control  animals. 

Table  LI  shows  the  results  of  quantitative  daily  blood  cultures. 

In  general  the  number  of  organisms  per  ml  of  blood  was  fewer  in  the  vaccinated 
animals  than  in  the  controls  at  the  time  of  death.  Vaccinated  monkey  #58 
had  a  transient  positive  blood  culture  on  the  7th  and  8th  days  of  illness 
and  again  on  the  13th  and  14th  days  of  illness  but  the  numbers  of  organisms 
per  ml  of  blood  did  not  show  daily  progressive  increase. 

The  agglutinin  antibody  titer  in  vaccinated  animals  was  1:80  in 
three  animals  and  1:160  in  one  animal  on  the  day  of  challenge.  The  titers 
were  temporarily  elevated  two  days  after  challenge  in  2  animals  and  remained 
the  same  in  two  animals.  Four  days  after  challenge  all  titers  had  dropped 
but  none  reached  zero  before  death  of  the  animal. 

Urinalysis  on  Monkey#58  showed  albuminuria  and  hyaline  casts. 

The  gross  and  microscopic  pathology  in  vaccinated  animals  was  similar 
to  that  observed  in  controls,  with  the  exception  of  monkey  #58.  Numerous 
small  semitransparent  yellow  nodules  were  present,  scattered  over  the  surface 
and  throughout  the  substance  of  the  lung.  No  gross  evidence  of  "UL"  in¬ 
fection  was  observed  in  the  liver,  spleen,  or  kidneys.  Microscopic  sections 
showed  reticulo-endothelial  hyperplasia  of  the  spleen,  a  few  small  areas 
of  focal  mononuclear  infiltration  in  the  liver  with  no  necrosis  or  fatty 
change  in  the  parenchymal  cells.  The  kidneys  were  not  abnormal.  The  lungs 
showed  foci  where  groups  of  alveoli  were  filled  with  necrotic  debris  in¬ 
filtrated  by  polymorphonuclear  cells,  monocytes  and  macrophages.  No 
peripheral  fibrosis  or  acute  inflammatory  reaction  was  observed  around  these 
areas. 

_  . .  Sut.l  Ary-'^f _ xpcriment  1 

Vaccination  of  immature  monkeys  as  carried  out  in  this  experiment 
did  not  protect  them  against  challenge  ;  ith  10,000  MLD,  however,  the  disease 
was  sufficiently  modified  in  one  jaonkey  to  suggest  that  protection  might 
have  been  conferred  against  a  smaller  challenge. 

-  *--■ .  .(<?')  ■  Experiment  II 

Twenty-one  young  adult  monkeys  were  divided  into  four  groups  and  the 
animals  in  each  group  were  injected  with  a  different  "UL"  vaccine.  Each 
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animal  was  given  0.5  nil  of  vaccine  subcutaneously  on  two  alternate  days 
followed  by  a  booster  dose  of  0. 5  ml  twcnty«-one  days  later.  All  vaccines 
were  standardized  to  contain  0.035  mgm  total  nitrogen  per  0,5  ml  dose.  The 
vaccines  used  were:  #16,  F'oshay;  # 31  >  acetone  extracted  virulent  strain  S; 
#40,  acetone  extracted  avirulent  strain  38;  and  CPE,  a  purified  protein 
fraction  obtained  by  chloroform  extraction  of  a  peptone  broth  culture  (see 
fractionation  studies)  precipitated  with  0.1 %  alum.  Determinations  of 
clotting  time  and  prbthrombin  time  were  omitted  on  this  series  of  monkeys 
because  no  significant  changes  had  been  observed  in  the  previous  group.  Sedi¬ 
mentation  rates  were  determined,  at  two  to  three'  day  intervals  on  nine 
vaccinated  animals ,  two  challenged  control  animals,  and  one  normal  animal 
which  was  not  vaccinated  or  challenged.  Whole  blood  was  adde'  to  Heller's,  arid 
Paul's  antiocoagulant  (102)  (ammonium  and  potassium  c&alate),  mixed,  and 
drawn  into  a  1  ml  Exax  pipette  which  was  supported  on  a  rubber  stopper  between 
two  shelves.  Readings  were  made  at  intervals  and  reported  in  millimeters . 

The  same  pipette  was  used  for  each  animal  throughout  the  experiment.  The 
twenty-one  vaccinated  animals  and  five  normal  animals  were  challenged  sub¬ 
cutaneously  thirty  days  after  the  original  vaccination.  Part  of  the  animals 
in  each  group  were  challenged  with  1.0  ml  of  10"^  dilution  and  the  remainder 
with  1.0  ml  of  10”8  dilution  of  a  standard  "UL"  suspension  of  strain  S  con¬ 
taining  740  million  organisms  per  ml  as  determined  by  DCBA  count-  The  10“  6 
challenge  contained  approximately  740  "UL"  organisms  and  the  10*"°  challenge 
approximately  7,4  "UL"  organisms  on  the  basis  of  the  plate  count.  Judging 
by  the  previous  i/ILD  titration  on  immature  monkeys  the  smaller  challenge 
was  less  than  one  LD-Q  dose  while  the  larger  challenge  v.as  in  the  neighbor¬ 
hood  of  100  LD^q  doses.  Table  LII  shows  the  results  of  challenge  of  the 
vaccinated  and  control  animals  in  Experiment  II. 

It  is  evident  that  challenge  doses  used  in  this  experiment  were  net 
sufficient  to  kill  all  the  control  animals.  None  of  the  controls  were  killed 
by  the  smaller  challenge  while  two  out  of  three  were  killed  by  the  larger 
challenge  containing  740  "UL"  organises.  This  group  of  animals  apparently 
had  more  natural  resistance  to  "UL"  than  those  previously  tested,  The 
previous  titration  had  been  done  on  young  animals  weighing  4^  to  5^  pounds, 
while  in  the  present  experiment  older  monkeys  were  used.  Deaths  were  not 
limited  to  the  smaller  animals  in  this  group  but  4  of  5  monkeys  weighing 
less  than  5^  pounds  died.  It  seems  very  probable  that  the  difference  in 
susceptibility  to  "UL"  in  the  two  groups  of  monkeys  my  be  partially  ex¬ 
plained  by  the  difference  in  age  of  the  two  groups. 

Tne  data  in  Table  LII  also  show  that  as  many  deaths  occurred  in 
the  vaccinated  groups  as  in  the  controls,  with  one  exception.  All  the 
animals  vaccinated  with  Foshay's  vaccine  survived.  Previous  immunization 
of  rats  with  this  particular  lot  of  acetone  extracted  vaccine  (#3l) 
had  shown  that  it  was  not  as  protective  as  earlier  preparations.  Rat  work 
had  also  shown  that  the  chloroform  extracted  protein  fraction  was  not  a  very 
active  antigen,  but  vaccine  #40  prepared  from  hVirulent  strain  NIH  38  had 
previously  protected  rats.  The  number  of  monkeys  on  each  vaccine  was  small 
but  apparently  F; shay's  vaccine  was  superior  to  all  the  ethers.  Tut 
temperature  chart,  weight,  agglutinin  titer,  blood  picture,  sedimentation 
rate,  and  daily  blood  culture  for  each  monkey  are  shown  graphically  in 
Figures  14  to  40, 
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table  HI 

Monkey  Vaccination  Experiment  II 


Vaccine  Challenge  liO  tnl  Subcutaneously 


#  Code 

No.  of 

740  organisms 

7.4  organisms 

(0.1  mgm) 

Monkeys 

Dead 

Total 

% 

Survival 

Dead 

Total 

* 

Survival 

16  Foshay 

5 

0/3 

100 

0/2 

100 

-  CPE 

6 

1/3 

67 

1/3 

67 

40-38 

5 

1/3 

67 

1/2 

50 

31-Acetone 

Extracted 

5 

2/3 

33 

1/2 

50 

None 

5 

2/3 

33 

0/2 

100 

Total 

26 

6/15 

60 

3/H 

73 

At  the  site  of  vaccination  a  subcutaneous  indurated  nodule  18  by 
20  mm  in  diameter  appeared  on  the  day  after  injection  of  the  alum  pre¬ 
cipitated  chloroform  extracted  protein  fraction,  CPE.  These  nodules  became 
slightly  smaller  but  were  still  present  sixty-two  days  later  when  the 
animals  were  sacrificed.  On  cut  section  at  autopsy  the  nodules  contained 
think  yellow  exudate.  The  other  three  vaccines  caused  a  less  extensive 
local  reaction  at  the  injection  site  which  disappeared  completely  within  a 
week. 

Agglutinin  Response 

All  monkeys  developed  serum  agglutinins  to  "UL"  as  a  result  of 
vaccination.  The  animals  which  received  Foshay's  vaccine  had  the  highest 
titers  and  those  that  received  the  acetone  extracted  vaccine  #31  had  the 
lowest  titers.  The  average  titer  cf  all  monkeys  in  each  group  on  the  day 


of  challenge  was  as  follows: 

Vaccine  Average  Titer 

Foshay  1:160 

Acetone  extracted,  strain  3 8  1:72 

CPE  1:53 

acetone  extracted,  strain  S  1:40 


Sera  from  the  six  unvaccin^ted  controls  did  not  agglutinate  a  "UL"  suspension. 
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Monkeys  Vaccinated  With  Foshay's  Vaccine  and  Challenged 
Subcutaneously  With  740  Organisms 


MONKEY  NOW  WCONATED 


Figure  14 


MOKEY  NO  124  \ACCNATED 


Figure  15 
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Monkeys  V«» ccinnted  with  foshay's  Vaccine  and  Challenged 
Subcutaneously  Rith  7*4  Organisms 


MONKEY  NO  O  'vCCCINATED 


Figure  17 


MONKEY  NO  119  VACCINATED 


IOSH*T  VOfClNI  STRAIN 
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Monkeys  Vaccinated  Kith  Chlofoforn  Extracted  Protein  Fraction 
Vaccine  and  Challenged  Subcutaneously  Vi'ith  7.4  Organisms 


MOfWY  NOIOO-VAOC  MATED' 


Figure  22 

MONKEY  NO  1 13  \ACCNATED 
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Figure  25 


Figure  26 


MONKEY  NO  125  VACCINATED 
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Figure  27 
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Monkeys  Vaccinated  With  kuetone  Extracted  Vaccine  Avirulent 
Strain  33  and  Challenged  Subcutaneously  With  7.4  Organisms 


Figure  28 


MONKEY  NO  lie  VACCINATED' 
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Figure  29 
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MONKEY  NO  121  \ACONffrED 


figure  31 

MONKEY  NO  108  \ACCINATED 


Monkeys  Vaccinated  With  Aoetohe  Extracted  Vaccine  Virulent  Strain 
SM21  and  Challenged  Subcutaneously  With  740  Organisms 


MONWV  NO  97-VACONATECf 


Figure  30 
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figure  32 


-106- 


SECRET 


SECRET 


Monkeys 


Strain 


a  Vuuwliiavwu  .-v/w  - — - - 

SM21  and  Challenged  With  7*4  Ojpgahisms  Subcutaneously 


Figure  33 
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Figure  34 
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Control  Monkeys  Challenged  Subcutaneously  With  ?40  Organisms 


MONKEY  NO  99  CHALLENGE  CONTROL 


MONKEY  NO  110  -  CHALLENGE  CONTROL 


Figure  36 


Figure  35 
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Control  Monkeys  Challenged  Subcutaneously  With  7,4  Organisms 


Figure  38 
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Normal  Control  Monkey  Neither  Vaccin-:  ted 
Nor  Challenged 


MONKEY  NO  112  NORMAL  CONTRCL 


Figure  40 
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Within  two  to  six  days  following  challenge  the  agglutinin  titer 
dropped  in  every  Vaddihated  animal,  Figures  14  to  40*  In  those  animals 
vaccinated  with  the  r os hay  Vaccihe  the  ctfop  was  slight,  whereas  in  the  animals 
vaccinated  with. other  vaccines,  twelve  out  of  sixteen  showed  complete  absence 
o  agglutinins  in  serum  dilution  of  It  10,  during  the  acute  phase  the  titers 
rei.*ined  low  in  all  animals.  Eight  to  twelve  days  after  challenge  the  titers 
Started  to  rise  and  during  the  succeeding  days  they  gradually  increased  to 
reach  an  average  of  l:o40  at  the  end  of  four  veeks. 

The  drop  in  titer  during  the  acute  phase  agrees  very  well  with  the 
findings  in. human  cases  occurring  in  vaccinated  personnel,  ‘in  fact,  a  drop 
m  titer  coincident  with  the  onset  of  symptoms  has  been  the  most  consistent 
early  diagnostic  sign  in  the  present  series  of  human  cases  in  vaccin:  ted 
personnel.  (See  Petition  F-2  this  report). 

General  Clinical  Picture 


All  monkeys  became  ill  after  challenge  as  shown  by  an  elevation  of 
temperature  and  less  of  weight.  On  the  basis  of  temperature  rise  the  in¬ 
cubation  period  was  1-2  days  in  animals  challenged  with  740  organisms  and 
^-5  days  in  animals  ch alien*  cd  vdth  7.4  organisms.  This  was  similar  to  the 
previous  observation  in  mice,  Section  D  ..nd  T  .ble  XXVI,  where  the  incubation 
period  was  also  proportional  to  the  size  of  the  challenge  dose.  Tne  clinical 
pic  uro  was  similar  to  that  previously  described,  namely,  high  fever,  weakness 
prostration,  weight  loss,  local  ulceration,  and  regional  lymphadenopathy. 

One  animal  died  on  the  seventh  day,  four  on  the  tenth  day,  one  on  the  eleventh 
day,  one  on  the  fourteenth  day,  one  on  the  fifteenth  day,  and  one  on  the 
sixteenth  day.  One  unvaccinated  control  and  one  animal ; vaccina ted  with 
foshay's  vaccine  were  sacrificed  on  the  seventeenth  day  to  study  the  course 
of  the  infection  in  the  Foshay  vaccinated  group.  The  remaining  animals  were 
sacrificed  between  the  thirty-first  and  the  thirty-fifth  days  after  challenge 
when.it  became  necessary  to  terminate  the  experiment  because  of  dis¬ 
continuation  of  the  project.  "UL"  was  recovered  from  all  sacrificed  animals 
at  autopsy.  It  is  possible  that  additional  animals  would  have  eventually 
died  had  they  been  observed  for  a  longer  period. 

Blood  Cultures 


'^le  °f  death  and  occurrence  of  positive  blood  cultures  are  shown 
in  Table  LIII.  Sixteen  out  of  the  twenty-six  animals  developed  positive 
blood  cultures  at  seme  time  during  the  course  of  the  disease.  Of  the  sixteen 
animals  vdth  positive  blood  cultures,  nine  eventually  died.  The  other  seven 
animals  had  only  transient  positive  blood  cultures  vdth  a  small  number  of 
organisms  per  ml  of  blood. 

Animals  which  died  within  the  first  ten  days  after  challenge  had  a 
progressively  increasing  number  of  organisms  per  ml  of  bl^od,  while  those 
that  died  later  had  loss  blood  stream  invasion.  One  animal  m  which  died 
on  the'  sixteenth  day  had  a  transient  positive  culture  on  the  seventh  and 
eighth  days  after  challenge  and  thereafter  a  negative  dulture  up  to  and  in¬ 
cluding  the  day  of  death.  Apparently  an  increasingly  positive  blood  culture 
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Dailv  Blood  Cultures  on  llonkeya  After  Challenge  TTith  "UL" 
0.1  ml  V.hole  Blood  Hated  on  DC3A 
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during  tho  acute  phase  of  the  disease  indicates  a  probable  fatal  outcome, 
whereas  in  the  subacute  or  chronic  disease  de^th  iriay  occur  in  the  absence 
of  bacteremia.  This  was  also  observed  in  Monkey  Experiment  #1. 

Blood  Picture 

The  normal  red  blood  cell  count  for  monkeys  varied  between  5.0  and 
6.0  million  per  cubic  centimeter  with  hemoglobin  values  of  13-15  grams, 
Haden-Hausser.  The  normal  total  white  blood  cell  count  varied  between 
7,500  and  £5,000  with  an  average  of  14,000.  The  average  differential  count 
of  white  blood  cells  was:  neutrophils  42,6$;  lymphocytes  51.8$;  monocytes 
1.2$;.  eosinophiles  2,8$;  and  basophiles  0.3$. 

After  challenge  the  blood  counts  of  control  and  vaccinated  animals 
followed  a  similar  pattern.  From  1.5  to  5  days  after  challenge  there  was  an 
increase  in  total  count  accompanied  by  an  increase  in  the  segmenting  and 
band  forms  of  neutrophilic  leukocytes.  The  day  of  increase  in  total  white 
count  depended  cn  the  size  of  the  challenge  which  the  animal  received.  Those 
animals  receiving  a  challenge  of  7.4  organisms  showed  a  noticeable  increase 
in  either  total  or  differential  count  in  3.5  days  with  the  peak  reached  in 
4.8  days.  Those  animals  receiving  740  organisms  at  challenge  showed  a  rise 
within  1.8  days,  the  peak  being  reached  in  3*3  days.  This  increase  in  total 
count  was  accompanied  by  a  marked  increase  in  neutrophils  with  a  slight  in¬ 
crease  in  immature  forms.  In  instances  where  the  total  count  did  not  rise 
above  normal  the  peak  was  determined  by  the  increase  in  neutrophils  and 
bands.  After  the  initial  peak  in  total  white  blood  count  there  was  a  sharp 
differentiation  into  groups: 

Group  I.  Those  animals  dying  within  9-16  days  after  challenge  showed 
a  marked  drop  in  total  white  blood  cells  to  normal  or  below  with  a  marked 
shift  to  tho  left.  The  average  height  to  which  the  immature  forms  rose  was 
26$.  One  animal  in  this  group  showed  a  neutropenia. 

Group  II.  Those  animals  living  until  sacrificed  31-35  days  after 
challenge  showed  a  continued  high  total  or  high  neutrephile  count  with  little 
or  no  shift  to  the  left.  The  following  table  shews  the  distribution  of  the 
vaccinated  and  control  monkeys  into  the  two  groups. 

All  animals  except  one  shewed  a  sudden  increase  in  monocytes  at  the 
acute  invasive  3tage  of  the  infection.  The  height  of  the  monocytosis  was 
reached  in  from  1  to  7  days  after  challenge,  the  average  being  4.5  days  for 
both  groups.  This  monocytosis  continued  over  a  cc nsiderable  period  of 
time.  In  Group  II  76$  of  the  animals  continued  to  show  increased  monocytes 
at  the  time  of  sacrifice,  and  55$  in  Group  I  continued  to  shew  an  increase 
at  the  time  of  death. 

All  animals  showed  an  absence  or  decrease  in  eosinophils  and 
basophils  until  just  before  sacrifice. 

All  animals  which  survived  showed  a  slow  consistent  fall  in  red  cwunt 
(average  fall  of  1.5  million  per  cu.  mm.)  from  the  day  <f  challenge  until 
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Table  LIV 


Distributiort  of  Mcnkeyp  Showing 
Leukopenia  and  Leukocytosis 

Vaccine 

Total  No. 
of  Monkeys 

Group  I 
Leukopenia 
*'  (died)* 

Group  II 
Leukocytosis 
(sacrificed)** 

4 

CPE 

6 

2 

Acetone  extracted 
Strain  38 

5 

2 

3 

Acetone  extracted 
Strain  S 

5 

3 

2 

F os hay 

5 

0 

5 

None 

5 

2 

3 

15~22  days  thereafter.  After  the  third  week  there  was  a  slow  but  steady 
increase  in  both  red  cells  and  hemoglobin  despite  the  fact  that  the 
daily  bleedings  of  from  1  to  5  cc  were  continued. 

Monkey  112  was  neither  vaccin  ted  ncr  challenged,  but  was  bled  each 
day  to  determine  the  effect  of  daily  bleeding  on  the  blood  count.  The  tctal 
white  count  fluctuated  between  8-25,000  with  an  average  of  16,000.  The 
neutrophils  varied  from  19$  to  68%  with  an  average  of  45$.  There  was  no 
correlation  between  the  peaks  in  total  white  count  abd  per  cent  neutrophils 
m  this  normal  monkey.  The  red  count  and  hemoglobin  dropped  slightly 
during  the  first  week  (approximately  700,000  per  cc)  but  returned  to  normal 
by  the  tenth  day  after  the  other  animals  were  challenged.  There  was  a 
moderate  fall  during  the  last  days  of  the  experiment  probably  due  to  the 
daily  removal  of  larger  -amounts  of  blood  for  control  purposes. 

The  hematological  findings  may  be  summarized  as  follows: 

1.  After  challenge  there  was  a  sharp  increase  in  total  white  count 
accompanied  by  an  increase  in  the  percentage  of  polymorphonuclear  leukocytes 
with  a  slight  shift  to  the  left. 

2,.  The  increased  total  count  returned  to  near  normal  within  two  to 
four  days,  but  the  percentage  of  neutrophils  tended  to  remain  elevated  in 
those  animals  which  survived. 

3.  The  nine  animals  dying  shewed  terminal  leukopenia  with  a  marked 
shift  to  the  left. 


-114- 


SECRET 


SECRET 


of  the  infiu^Ih^ntut^0815  “Tred  ctarln6  the  Mote  invasive  stage 
death  or  saertfLe?  a"d  in  “*  “  ^sisted  until 

in  an  anij?.ab3°lute  d“ri'“»  ln  eosinophils  and  basophils  was  notided 

ocourred'durinuThorfirstSH?  tV*  ”*  blcod  oalls  ™d  hemoglobin 
there  was  a  gradual  increase"  >Mks  after  cl?nU<,ne'>!  hereafter 

and  control^groups.erenCe  *"  "**  in  «“  blc°d  Picture,  of  the  vaccinated 

Weight; 

amount  of^eS^osslasI^1  "T*  **  heltht  °f  thelr  illness-  T'-e 
lest  from  6  to  23  ounces  within  mcst.odst,s.  »<*>  animals  that  died 
almost  regained  their  original'  weieht'hv  th  i  one  os.  Many  animals  had 
with  internal  necrotic  Kd  “f  ^  ^gJT  “  SMrifica' 

Urinalysis; 

Seven  animals  showed  felbuminuria  end  Hu  ,  , 

brief  period  during  the  course  of  the  L  1  m  °d  e^suria  for  a 
hematuria  were  demonstrated  L  f  th.t.(^sef  ®;  No  urinary  casts  or 
microscopic  Poatha  gv  nalw  *gree  with  the 

"UL"  infection.  ^  *  he  kldnoys  nrt  nct  severely  damaged  in  - 

are  d  aa  “  ^  settling 

The  sedSeent“a“e°ofr?te  unctalY^V ^ied  fr°m  Z8r°  to  <»  “• 
affected  by  the  related  d»ilv^a  ^  d  contro1  “BnkeJ'  »112  *«»  not 
the  experiment.  All  eleven  challented^m  Y  rerfained  below  1  mm  throughout 

nations  were  made  showed  a  a  ri<ed  inched  of  the  Y  S““fssive  determi- 
of  these  animals  di*H  tv,*  ■  incr®ase  oi  the  sedimentation  rate.  Five 

disease  onZch  it  t^urld^T  Sedlmentatio"  ~tes  and  day  of  the 

day;  88  mm-lOth  day;  82  mm-12th  day36^6  are  aS  foliOVJS!  96  mm-7th 

five  animals  the  sediSn^on VateJs  2Vate In 
norxaal  as  the  acute  DhasP  nf  J  &S  elevated  and  returned  to  or  near 

the  aedimenStion  raffed  no  tc^lrsLtided-nIn  ?  #102’ 

after  challenge  and  remained  high  afthe  S  of  Y  “e  lhird  Kek 
sis  tent  with  the  clinical  coursf0f  the  aisle  .  ?his  1,35 

temperature.  Readings  made  n  u  ^  isease  as  shown  by  elevation  of 

animals  showed  normal  values\n  fivp  * J®  ?fter  chaUenSe  in  additional 
Table  LV)  «fV  f  ln  flve  and  elevated  values  in  four  ( S 
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JuTLT  the  rMainins  anlnBl  h6d  a  wulont  punched  out  ulcer  on  the 

In  summary  the  sedimentation  rate  was  elevated  an 

S&«“*  ^  •  “ retrned 

and  b0  the  beet  iS£  of 
Hypersenitivity  to  »ULf>  Anti  pen 

vaccination^^  ****  S^f  te5ted  with  "UL"  skin  test  antigen  before 
previous  skin  test-q^1^}0^  twenty-six  days  after  challenge.  Because 
to  "UL"  two  skin  tests  lnddc?tod  ^at  monkeys  were  not  readily  sensitized 
concentration  fCOntainin£  times  and  one  hundred  times  the 

on  each  monkey  In  th  us“al-l’y  employed  for  human  tests  were  conducted 

dem"  trS  Va  cin  i  o^TsT^  n°  Skin  — i^ivity  was 

six  davs  afton  n  not  StnsitlZe  any  of  the  monkeys.  Twenty- 

vatsSL  suL  8UrVivlng  aniaals  "ere  most1^  i*  the  ^ 

tests  coLLlfd  Of  Su^attn'fd  13  °f  15  &^ls‘  The  P°»itive 

Hrnrcia  has  prcse"b„ut Uf  Z  ZEE?  Th'filr"^^  h 

itq  nfaaif  oft„-  you  .  . .  Wit  “niwaxs.  me  induration  reached 

llldt:Za:ZZZsZTr  IZEEZ vory  Nono  of  ““ 

human  patient  given  this  amount  of  antigen.  *  P“tcd  in  a  oonvalos<:ent 

r  in  tMs  ~  ---s  szrrXiEzx  r  ss 


observed  for  ap^of  L^eU^X^Tt  C0“U  **  have  been 

zsx  saw  suSHrtSSr**: 

srjsr- “  * . —  —veus  snsssr" 

Pathology 

Local  Lesion 

indurat^t^tS2'^afi?Jl1°?i‘non«cd  ^  subcutaneous 

became  hemorrhagic  and  in  tv.xr.t"  of  th™.  ln  t""nLy"t’'°  the  superficial  skin 
Central  necrosis  of  the  indurated  mass  v.a/'nr''08*?  ?"d  ulceration  occurred, 
ulceration  did  not  occur"  £ur  anS Is devX°H  "  hu  5iX  Wimls  ^ 

—  appeared  to  jg  Sl^ 
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h'inLPU?ChC(1  ?u\ukors.  re»embling  the  primary  ulcerative  lesion  seen  in 

tSi^idSn  TO,,infftcUon!-  Khother  represent  reinfection 
through  skin  abrasions  or  localised  foci  carried  by  blood  or  lymphatic 

channels  could  not  be  determined,  it  is  interesting  to  note  that  they  all 

S  "fck  °f  4,10  61°*'se  ot  >'hiotl  tke  thc 

«m.i  Olf  p<?  hypersensitivity  to  "UL't  protein,  Similar  "secondary" 
and  it1«nnlHhre  "  Previously  described  in  man  or  laboratory  animals 

all  t0  study  this  Proble“  further.  Three  animals, 

ohesrSurinr^e  f  o"  devcloped  »  maculo-pustular  rash  over  the 

and  ke.-lrs'  of  the  disease.  IWo  of  those  animals  survived 

On?v  th  °,a  ‘he,s“teohth  day  with  extensive  lobular  »UL"  pneumonia. 

AUUnt  XTthl! ^f„i"it?is.seri^!  dcveioped  petechial  hemorrhage  in  the  skin 
,v.  '  e  locel  lesion.  This  finding  was  very  common  in  previous 

K  to  ?  monkey  were  challenged  with  an  oven, helming  dose  and  died 

observ  d  £  rl  f  ^  w  f  a  "hlte  eXudatc  in  tht'  «*<»*»•  chamber  was 
od served  in  two  monkeys  before  death. 

the  recioml develop^d.  regional  lyraphadenopathy,  and  suppuration  of 
he  regional  nodes  occurred  in  seventeen  of  the  twenty-six  animals  or  65  Lt 

necrosis 0naw  ^5  n°d<!S  °f  “thtr  *-  «!■*  showed  mi^oscojic  foci 
of  thflic  observed  in  the  speed  or  manner  of  development 

Of  the  local  lesion  in  the  control  or  vaccinated  groups. 

Gross  Pathology 

at  the  t^nfV0^  m0rtfl  ,jXandn;ltions  were  ca^ried  out  on  nine  animals 
at  the  time  of  death,  on  two  animals  sacrificed  seventeen  days  after 

challenge  and  on  the  remaining  survivors  sacrificed  31  to  35  days  after 

challenge.  Cultures  on  DCBA  and  guinea  pig  inoculations  were  made  of  the 

Zenker ts  nndSf  nodf\  spleen  and  liver,  and  tissues  were  fixed  in 

Zenker  and  formalin  solutions  for  histopathological  examination. 

Tbcfy  "as  some  variation  of  gross  pathological  findings  in  individual 
^  differcnce  between  the  controls  and  the  vaccinated 

of  the  bel^wSuh18  in  ''?ich  thf . local  lesion  extendcd  into  the  muscles 
01  the  bel^y  wall  the  overlying  skin  was  not  ulcerated.  In  all  others  the 

nnd  nacrosis  was  confined  to  the  cutaneous  and  subcutaneous 

wXooUQS • 


The  spleen  v as  enlarged  2  to  3  times  normal  size  and  contained 

theeelUv  ?h  i  yellr.f°?i  0,5  t0  4  111111  10  d^meter  in  all  animals  dving  before 
the  eleventh  day.  Animals  dying  after  the  eleventh  day  were  similar  except 

foci  were  larger  and  some  large  foci  showed  central  liquefaction.  The 

of  ^  W?S  ir?  a"d  rubbory  in  consistency  in  all  animals.  The  spleens 
f  the  control  and  Foshay  vaccinated  animals  sacrificed  on  the  seventeenth 
day  were  only  slightly  enlarged  and  contained  one  to  three  small  yellow 

.'Sr  i*  3w  h"  “r-  Ihe  15  animals  werc^sacrificed 

31  to  35  days  after  infection,  .Ihe  spleens  of  these  animals  were  normal 
in  aizc  or  very  slightly  enlarged.  Three  contained  one  or  two  small  yellow 
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SnL?  t0  i! ?  ?iaraeter  ^hish  exuded  thick  yellow  pus.  In  eight  the 

thP  ^  aontained  irregular  plaques  of  white  fibrous  tissue  and  in  three 
the  omentum  was  adherent  to  these  areas*. 

P16  kidneys  of  the  animals  which  died  were  slightly  enlarged  the 

InliXlT  IX  “  “??“  “d.*hJ  ^  <*  the  mLlL  and  Lrtex  L 

for  faint  vanish  !?ef1Rced  ‘?'u“als  tho  kiteys  »re  not  abnormal  except 
lor  taint  yellowish  striations  in  the  cortex  of  some  animals. 

The  adrenal  glands  of  all  monkeys  that  died  were  swollen  and  in  some 

~ jH 

discoloration  ^  «*"  >-«h  hemorrhage  and 

The  livers  of  animals  which  died  were  swollen'  the  cot 
bulged  and  showed  a  slight  yellowish  mntHino  n  i  \  surface 

yellow  fori  1  o  Z  -  a-  t  hJ, “ottliflg.  Only  two  contained  small 

%«*«* 

pus!”  3  thlCk  Walled  lB3C0SSeS  2  t0  8  m  in  diameter  containing ^hick  yellow 


inw  mesenteric  lymph 


™  *, 7  r  r;  ,  ^‘xcw-geo  in  iy  and  necrotic  in  two 

he  two  necrotic  nodes  contained  viable  "UL".  The  others 

■  • 


of  the  animals.  „ 
were  not  cultured. 

Which  diL°  nftS?  ?heMmhyd?fthrLe  n°‘  6T!ly.  abnM’tal-  ln  au  animals 
vplln„.  ^  er  “n?  1UW1  day  the  lungs  contained  many  snail  raised 

JLpp  h-grey  nodules  surrounded  by  a  narrow  band  of  hemorrhage  ThesP 

SfiSS=SSf ?a 
sfrjssartr  £l:£E5  E  *r- 

small  or  confluent  yellowish  nodules  could  be  seen  dees  in  tt  '  .^mrons 
parent  tissue  nf  fu  s  cn  deep  in  the  senn-trans- 

animls  contained  yellowish-fircv'nodiil^  Lungs  °f  a11  sacrificed 

throughout  all  lobes  Ther/v  1  d  frow  2  to  12  mm  in  diameter 

and  the  intervening W tissue on°J h™°rrh^c  *****  around  the  nodules 
adherent  to  the^iJui  PW  bv  deS  ^  v?  “T*  the  lungs 
trachea!  ncdcs  wL  MS  ^ 

Post  Mortem  Cultures 

lymph  nodes  wSe'grSlnd^ini  TJ  ^  *  autopsy  on^  when 

died  had  bacteremia  and  cultures  of  ill  “  gUlnen  pifc8,  Those  animals  which 

Isolations  aide  on  tTt>  f Sif  s^iflc^T  P°8itive* 

on  13  animals  sacrificed  31  h  !  da^s  after  ch^enge  and 

ermcea  31  to  35  days  after  infection  were  positive.  The 
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results  are  shown  in  the  following  table* 


Table  LVI 

Post  Mortem  Cultures  oh  17  Sacrificed  Monkeys 


V 

%  Cultures 

Method 

Tissue 

,  Positive 

DCBA  Culture 

Spleen 

13.3  ' 

Guinea  Pig  Inoculation 

Spleen 

41.6 

Liver 

50.0 

lymph  Nodes 

92.3 

Left  inguinal 

71.0 

Peritracheal 

75.0 

Left  axillary 

91.0 

i  Infectl01)  Persisted  for  as  long  as  35  days  in  all  but  one  monkey.  The 
.  If1  l°sl°n^nd  lymph  nodes  gave  the  highest  percentage  of  positive  cultures, 
indicating  that  the  organism  persisted  longer  in  lymph  nodes  than  it  did  in 
the  spleen  or  liver.  Animal  injection  was  superior  to  DCBA  cultures  in  de¬ 
tecting  residual  or  latent  infection.  . . 

Microscopic  Pathology 

|£leen:  Spleens  of  animals  which  died  showed  marked  depletion  of  the  lymphoid 
tissue  of  the  Malpighian  follicles.  Hemorrhage  and  thrombi  of  numerous 
sinusoids  were  common.  Many  small  to  large  areas  of  focal  necrosis  were 
present  in  the  rod  pulp  and  in  some  animals  there  was  diffuse  coagulation 
necrosis  of  all  but  the  centers  of  the  malpighian  bodies.  Focal  or  diffuse 
reas  of  rounded  reticule-endothelial  cells  were  seen  in  some.  Polvs  and 
mononuclear  cells  wore  seen  around  the  focal  necrotic  areas.  General 
karyorrhexis  was  marked.  The  malpighian  bodies  were  hyperplastic  and  one 
area  of  necrosis  was  sharply  circumscribed  although  there  was  no  cellular 
wall  around  the  border.  The  spleens  of  the  control  and  Foshav  vaccinated 
niraal  sacrificed  on  the  17th  day  were  similar.  They  showed  large  hyper¬ 
plastic  malpighian  bodies  and  polys  scattered  diffusely  through  the  red 
pulp  Small  areas  of  necrosis  were  surrounded  by  a  zone  of  loosely  arranged 
rounded  mononuclear  cells.  Some  aniizmls  sacrificed  31  to  35  days  after 

infection  were  similar  to  the  above  while  others  showed  only  hyperplastic 
malpighian  bodies  without  necrotic  foci.  ^poipuastic 

The  livers  from  fatal  cases  showed  diffuse  and  focal  increase  of 
large  mononuclear  cells  and  Kupfer  cells  in  the  sinusoids.  (Small  foci  of 
hemorrhage,  fibrin  replacement  of  individual  liver  cells.,  and  snail  areas 
of  focal  necrosis  were  seen.)  Fatty  degeneration  of  liver  cells  was  not 
mforraly  present,  nor  was  it  confined  to  any  portion  of  the  lobule  when 
present.  Depletion  of  glycogen  occurred  in  all  fatal  cases.  Sacrificed 
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animis  showed  many  small  focal  lesions  composed  of  large  mononuclear  cells. 

Kupfer  cells  were  prominent  throughout  the  sinusoids,  and  the  liver  cells 
appeared  normal. 

L^mp^i  !JodeS!  The  nodes  varied  from  almost  normal  appearance  to 

complete  coagulation  necrosis.  In  the  early  stages  of  the  disease  lymph 
nodes  throughout  the  body  were  depleted  of  all  types  of  cells.  During  the 
second,  third  and  fourth  weeks  the  germinal  centers  in  intact  nodes  became 
more  and  more  active  and  an  increasing  number  of  large  basophilic  staining 
cells  was  seen.  These  resembled  plasma  cells, 

Lung:_  The  progress  of  the  lung  lesion  as  reconstructed  from  the  picture 
seen  in  ail  monkeys  was  was  follows.  The  alveolar  walls  became  thickened 

TherinSJtrat1ed  Wlth  m?nonuclear  cells  arranged  singley  and  in  snail  clumps. 
There  was  early  necrosis  in  the  center  of  seme  small  clumps  of  mononuclear 

the  •  iVP,I?fer  r11  afeas  racncnuclear  exudate  and  edema  fluid  filled 
1  \  T?6  C?nter  of  thcse  areas  b^came  necrotic  and  in  the 

ar  asevf^HCt  P°^rPhonuclcar  ™d  mononuclear  cells  could  be  seen.  These 
areas  extended  and  became  confluent  to  form  larger  necrotic  lesions.  The 

an^edema^luid^Hf  a.  necrofcic  area  v'erL  filled  with  large  mononuclear  cells 
the  cT  w It  ~  Sere  WaS  nomm^  off  or  limiting  zone  of  cells  about 
ih  Ed  he  surround1^  lu«6  tissue  was  more  prominent  in  some 

a  S  r  vnlli\h  rS'  A«  healing  began  a  few  lymphocytes  appeared  in  the 
inl  ilvLlT1!  f  Ck  necrotic  areas.  The  mononuclear  exudate  in  the  surround- 
later  became  organized  with  proliferation  of  the  alveolar  lining 
cells.  A  few  giant  ceils  appeared  in  this  peripheral  zone.  Organization 

obsSrved°ahnU?\CHr  pr°grcssed  slow^-  No  definite  fibrous  wall  was 

b served  about  the  central  necrosis  in  animals  sacrificed  35  days  after 

i  X:n  SU‘le  animals  organization  of  the  exudate  and  fresh  areas  of 
‘  lar  thickening  and  necrosis  Were  seen  in  the  same  section.  The  slow- 

aS!ht  rllnag  fh-b!St  ShoV,n  by  a  Section  of  the  original  vaccine  site 

PUS  at  autops*'  ^  d^s  ^ter  injection  of  alum  pre¬ 
cipitated  vaccine  CPE.  This  showed  central  necrosis  surrounded  by  a  wide 

v  raof°fuclear  ?ells-  Outside  this  zone  were  polys,  lymphocytes, 
large  basophilic  staining  cells  and  some  connective  tissue  reaction. 

Mrenal  Glands:  The  fatal  cases  showed  loss  of  cortical  lipoid,  diffuse 
iniiltration  of  mononuclear  and  polymorphonuclear  leucocytes  with  focal 
hemorrhage  and  fecal  necrosis  of  individual  cortical  cells.  Sacrificed 

aoount  of  oortica  lipcid  and  *»» 

gone  Marrow:  The  bone  marrow  from  fatal  cases  showed  congestion,  hemorrhage 
small  to  large  areas  of  focal  necrosis,  foci  of  rounded  reticule-endothelial* 
cells  and,  in  most  animals,  only  a  small  number  of  young  whute  cells  Animal « 
sacrificed  later  showed  very  active  Jjcne  marrow  packed  with  young  rod  blood 
cells,  immature  granulocytes  and  hyperplastic  roticulo-endothelial  tissue. 

f .  Summary  of  Animal  Lumuni zaticn  Er.porime n t s 

by  vaocimtiun.the  **"  *4co  havo  b“n  *«cc«ftiUjr  immunized 
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anHK  T5erP. was  4ttle  or  no  correlation  between  degree  of  agglutinin 
rata  ^  prodUcticn  nnd  immunity  in  vaccinated  guinea  pigs,  rabbits  and 

\ 

ismudt^nrfpr^on^  *  “*  ****“*,  Pathogenesis  and  mechanism  of 

Dr  Fo3hiv'!’'CSf?nrtiS  rCoin°  l!M  becn  prcp"red  ^  tostod  extensively,  and 
ur.  r oshay  ..  finding's  have  been  fully  confirmed. 

laboratory  ?M^utl0n?  F*shay,a.  vaccine  has  been  shown  to  protect  certain 
•UDi rntory  animals  against  experimental  "UL"  infection; 

v3oci„e6;r0Sed'inPthif?ibVrCt°ineS  *T  been  <‘evul“Ped-  Acetone  extracted 
better  than  laboratory  protected  rats  and  nice  as  well  as,  or 

local  reaction  In  hypersenSuve' l^nsT*10"  ^  “USe  “  SeVer0  8 

ta. 

appeared  to  confer  some  protection  to  monkeys.  t  rosnay  s  vaccine  . 

contracted^"UL"°infection  in'te'Lb^t''0^^  124 5  4  total  °f  21-  P^ons 
in  defensive  Biol™Lal  fhrL™  fmn°  While  doing  experimental  work 

Wavy  at  Camp  “etrick  m  111  ,  ®  Studlos  »^rled  on  by  the  Army  and 
it  seems  worth  while ’tfiLnrt  ?h  ■  °?frred  ln  vaccinated  persons  and 
in  this  series.  Five  ^‘SK,Wf  “  thc.bUnical  picture 

are  presented  to  sT^I^f  L  ono  Xshed  accoun^^Ts^  et"1'  ^ 
therapy  i„  W  infection  of  ^rtontnl  ardsmls  " 

diaanosi^H i*ni  re?°rbS  in  “**  literature  Ascribe  the  epidciS^  '^iLi 

TLVnf<iCti0n  in  ^’cSatcd  ^/T 

workers  has  been  10  to  100  pJ?  ienTfl^Silsf  "^he^st"1'16'1  laborato^' ^ 

(5)  *  ^ 

of  hunters ^  mrke t “me^and  '^‘1  “  “  *  *»•  “«*>« 

WM&  X'trjg?  El ,  f  ?r?  ^ 

out  Ul  nine  exposed  laboratory  workers  in  Fn^h^rtc  4 ?  of  only  three  cases 
vaccination  was  effective  This  vaccinn  rHH  ^  d^P-irtment  suggested  that 
Pig  or  rabbit.  CClne  did  not  prottct  th^  •“use,  guinea 
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(n)  Vaccination  Procedures 

.  .....  A11  Perstjnnel  who  because  of  their  work  at  Camp  Detrick  were 

Division  "^detain  <5°  lnfe°tioJ  v>ith  "UL"  Were  vaccinated  by  the  Safety 
filn  this  i  ^  statistical  analysis  of  the  data  obtained 

hTs  vS  leS.°f  ?5?f  ?ccinatlon  is  contained  in  the  final  report  of 
he  Safety  Division/?  )  gome  of  the  data  which  have  a  bearing  on  our 
vaccine  studies  have  been  extracted  from  the  Safety  Division  records  and 

Foshavt SentGd- bel°W*  Two  vaccines  were  used  for  human  vaccination:  (1) 

^  hay  s  vaccine  supplied  by  Dr.  Foshay  and  later  prepared  here  according 
to  his  specifications  W  and  (2)  acetone  extracted  peptone 
vaccine  #30  developed  at  Camp  Detrick.  Vaccines  were  administered  in  three 
subcutaneous  doses  of  0.5  ml  at  48  hour  intervals. 

of  man  bv  mpnn!  t5G  hesinni^  °f  the  Work  at  CamP  Detrick  active  immunization 

£oS?siJn  ^  WaS  ?0t  genGrally  accePted  by  medical 

prolession  or  by  laboratory  research  workers.  The  two  chief  objections  to 

F^av^CClnvl0J  were.thf5)(1^  crdin-ry  formalized  suspension  vaccines  and 
Foshay' s  oxidized  vaccine™  produced  a  considerable  nulber  of  severe 

local  and  systemic  reactions,  and  (2)  no  vaccine  had  ever  been  shown  to  be 
effective  in  protecting  laboratory  animals.  Foshay' s  newer  vaccineL5 
ffj®,  feWer  pactions  and  was  a  better  antigen  than  the  oxidized  vaccine  on 

rahhnS1SH°f  ltS  ahl^-ty  to  stij‘lulate  agglutinin  antibody  production  in  the 
rabbit  and  in  man.  Foshay  stated  that  most  reactions,  and  practically  all 

Of*  br <*  the  basis  of  hypeisonsiLati  n  acqSed 
through  a  previous  attack  of  "UL”  infection.  If  these  were  carefully  Led 

oLLrT  °f-Hn  ;lCCUrfe.,riedical  history  and  blood  examination  fo l  the  d 
P  ence  of  residual  agglutinins,  reactions  to  vaccination,  in  Dr  Foshav's 

experience,  were  no  more  common  than  after  typhoid  vaccination.  Two  addition¬ 
al  precautions  were  recommended  by  Dr.  Foshay  (1)  that  the  first  dose  of 
vaccine  be  small,  and  (2)  that  additional  doses  be  given  thereafter  at  2 
day  intervals  so  that  the  last  dose  would  come  not  fater  tht  6  d^s  after 

“  <*«?**  «■.*>  take  • 
“7  mT7i- 7history  of  ^ v ;abSuUtBloSr  s,ith- 

was  reviewed  Pars  ns7"^CSt  ."V"0  dayS  latcr  thc  ’'fSlutinin  titer 
agglutinin  titer  of  1  l?n  ®  *  hiStcry  cf  Previous  "UL"  infection  or  an 
agglutinin  tlUr  ^ 

Z  5LT271  ■ ccurrcd  the  serles  of 

«.  fdL/arintsrof^^  ^rr7nth?^Ttvarin7cn 
^cXtraf3bjte„ctbto  87tor  t— ta 

“i  “r  mrked  W  rBr'Cti'-ni  «U0.  7rk1d1y“cl 
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bit  of  the  first  22  persons  vaccinated  3  had  marked  local  and 

!fclons  acco“Panied  by  fever,  chills,  and  prostration,  requiring 

°ne  &f  these  had  ^  ohnis  ovor  a  Period  of  five  days  with 
ever  up  to  104  and  was  hospitalized  11  days.  Two  of  the  three  had 

a^lutinln  titers  of  1:32  or  higher.  All  three  had  previously  worked  in  the 
UL"  cultures  and  two  had  in  addition  hunted,  and  dressed 
.j"; .  , rabblts.  The  evidence  suggests  that  these  three  hypersensitive  in- 

fu  a  pr^ious  "UL"  infection,  probably  mild  cr  subclinical, 
since  none  of  them  could  recall  a  previous  unexplained  illness. 

Following  this  experience  mere  care  was  exercised  in  eliciting  a 

°f  previous  illness  or  exposure  to  "UL"  infection.  The 
agglutinin  titer  was  considered  suggestive  if  positive  in  dilution  of  1:10 
or  more.  These  precautions  reduced  the  number  of  reactions  but  mishaps 
stiil  occurred  and  in  an  effort  U  develop  a  more  reliable  method  of 
detecting  hypersensitive  individuals  before  vaccination  an  antigen  was  pre¬ 
pared  for  use  as  a  skin  test.  y 

Since  Was  nct  kncWn  which  antigenic  fraction  was  responsible  for 
he  allergic  reaction  we  used  the  whole  organism.  Cultures  were  grown  for 
24  hours  in  peptone  broth  and  killed  with  formalin.  Formalin  was  used  be¬ 
cause  "UL"  vaccines  killed  with  formalin  are  notorious  for  causing  a  high 

thoC^tiSVvf  f° fhtlCnf  •  thZ°£ire  f°malin  rnust  P^serve  or  enhance 

the  activity  of  the  antigen.  The  packed  cells  were  collected  by  centrifug¬ 
ing  and  washed  twice  with  so  line  to  remove  excess  formalin  and  culture 
?°Tnnn%  The  cells  were  then  diluted  in  physiological  saline  containing 
1:1000  formalin  and  standardized  to  contain  0.03  mgm  N/ml.  For  testing 
tnis  stock  suspension  was  diluted  1  to  1000  in  saline  and  0.1  ml  iniectid 
lntradermaiiy  on  the  forearm.  Standardization  tost*  on  known  hypersensitive 
and  normal  persons  showed  this  dcse  to  be  satisfactory  for  detecting 
hypersensitivity.  Positive  reactions  were  of  the  delayed  type.  Edema 
induration  and  hyperemia  reached  a  maximum  after  4S  hours  and  thereafter 
f  ded  very  slowly.  Vesiculatiun  and  pustule  formation  recurred  in  two  persens 

rr°m  ,,UL''  infCCU°'’-  *  tost  was"  * 

h  ,  p  hyperemia  or  any  perceptible  induratic  n  when  road  at  48 

hturs.  Persons  showing  a  positive  skin  test  were  not  vaccinated.  The  skin 

of  deterioration^*"  “  *"*  rrfrl«eratOT  f'r  1  =hc«d  „o  signs 

Five  hundred  and  ninety-nine  persens  received  a  total  rf  noA 
courses  rf  Foshay's  vaccine  and  66  persons  rlollZV ££  *£*,£*?* 
of  acetone  extracted  vaccine  #30.  The  percentage  of  local  and  svst^ic 

reactions  are  of  parLLVfo^rn^ £2  ^e^lfr^rl  K£E 
rsatlon  or  bed  rest  and  are  lest  from  duty  for  several  djs? JacciXtiln" 
nded  to  sensitize  as  shown  by  the  greater  percentage  of  hypersensitive 
persons  on  revaccination.  The  hypersensitivity  induced  by  racctatioj 

iSs.^appear  sio,,iy  a$  shr"n  by  ■«»  *•  *  ^irrinth 
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Table  LVII 


*4* 


fosha^vacci  ne_ 

fr  Individuals 

Type__of  Reaction 
MoUeraFe"  locll 

Moderate  systemic 

Marked  local  ' 

Marked  systemic 


_lst_ 

599 


-Course  Oi  Va crinr. 
2nd 


3^5 


ill 

21; 


4  th 


I.  one 


total 


1196 


Acetone  Extracted 
Vaccine  £30 _ 


fr  Individuals 

Type  of  Reaction 
Modera  te  ~IocaT 

Meet  -a  u.  -  0c,*ic 

Mar .  tc,  local 

Mar  .cu  cj  c  te;;iic 


6.6 

13.0 

12.3 

Average 

10.3 

4.2 

3.5 

4.7 

4.1 

CO 

2.3 

1.4 

1.8 

Co 

• 

O 

14,3 

13.3 

12.3 

66 

62 

59 

36 

223 

1.5 

0 

1.7 

5.6 

Average 

2.2 

1.5 

0 

1.7 

5.6 

2.2 

0 

0 

0 

c 

0 

c 

3.2 

1.7 

0 

1.2 

~T‘  y- 


c.T  rrr  7. 
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of  Marked  reactions^nd^liminated^the^  vacciaatio\reduced  the  number 

prolonged  hospitalization.  Table  LmitlZ*  tyPf.  °f  £eacfci°n  requiring 

agglutination  teat  ae  methods  of  deSL^*8  the.skin  test  and  the 

meonoas  of  detecting  hypersensitivity  to  vaccination. 

Table  LVIII 

The  ^iuiency  of  the  Skin  Test  and  the  Agglutination 
.  lt  ln  Detecting  Hypersensitivity 


Test  Agglutination  Test 


Total  persons  tested 

Total  positive  tests 

342 

62 

280 

320 

Total  negative  tests 

75 

Positive  reaction  to 

245 

vaccine  in  negative 
group 

24 

30 

Percentage  failure 

8 

12.2 

The  data  on  the  agglutination  test  in  Table  tvttt  ^  r 
to  whom  no  vaccine  had  been  adminstereri  1  LVr11  are  from  Persons 

who  had  positive  agglutination  tests  vas  87^  ^  °ent  °f  ^Persensitive  pecpl 
persons  with  an  agglutinin  titer  weL  t  ?*  *  .H°WeVer>  °nly  13.4*  of 
one  course  of  vaccine  practically  all  y£ersensitlve  uP°n  vaccination.  After 
agglutinin  titer.  In  tE  m  J6CtB  mintained  an  appreciable 

hypersensitivity  but  the  a"  index  of 

is  shown  in  Figu^ni/^irbut^o^aSe^dlvSloDed10  ^  Vaccinated  arsons 
following  vaccination.  The  highest  titer  wa^  f  T  aPPreciable  titer 
vaccination  when  the  average  vflue  was  bL82  /eeks  after 

vaccinated  with  acetone  extracted  varrinl  Min  Slmlar  data  on  65  persons 
of  1=180  reached  !t£° JZL&ZT*  »* 

determlnfd^^,,^  til  tit  That  "US"  -re 

dilution  of  1:10  or  hieher  Th.  ^  7  t  3  P°sltive  "US"  titer  in  a 
"UL"  vaccination  fivfof  the  71  warH^  ^  tU"r  was  1:2°-  Following 
increased  to  an  average  of  l*tO  t  fufia^Ze  and  in  66  the  "US"  titer 
before  vaccination,  48  developed  an^nor  2?7,  ^ho..had  a  dative  ''US''  titer 
or  23.2*.  These  data  suggesAhat  FoST^10  .US"  titer  after  vaccination 
antigen  shared  by  "UL"  and  "US"-  howeve/  COntains  a  Comm°n 

agglutinins  appears  to  ho 

(b)  Report  of  Cases 

or  froquontly“„t?reda?h“la^rafcr™s.16A  “uftf  2irk°d  "Uh  thC  ortanis" 

a  total  of  persons  were  infected 

j  »-*  9 
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or  14.5  per  cent  of  those  possibly  subject  to  exposure.  In  five  rein¬ 
fections  the  clinical  picture  and  evidence  for  diagnosis  is  presented  later 
in  this  report.  Tables  LIX  and  LIXa  show  the  number  of  cases  according  to 
the  type  of  work  performed.  The  incidence  in  persons  handling  cultures  and 
doing  post  mortem  examination  of  infected  animals  was  31.9  per  cent.  Only 
one  case,  or  1,1  per  cent,  occurred  in  persons  who  cared  for  infected 
animals,  washed  glassware  in  the  service  room  or  did  maintenance  repair  in 
the  laboratories  and  equipment. 

The  overall  low  infection  rate  in  both  the  vaccinated  labora¬ 
tory  workers  and  service  personnel  was  much  less  than  in  unvaccinated  ex¬ 
perimental  workers,  This  may  be  explained  in  part  by  the  rather  rigid 
safety  precautions  that  were  observed.  Gowns,  rubber  gloves,  masks  and 
face  shields  were  worn  while  carrying  out  hazardous  procedures.  Five  per 
cent  phenol  was  used  ireely  to  disinfect  table  tops  and  infected  glassware, 
All  glassware  and  animal  cages  were  autoclaved  before  they  were  cleaned. 
These  safety  precautions  reduced  the  number  of  exposures  and  are  probably 
responsible  for  the  low  infection  rate  in  the  service  personnel.  The 
frequency  of  exposure  in  the  persons  handling  cultures  and  infected  tissues 
was  also  reduced  by  these  precautions,  however,  over  a  period  of  months  of 
work  under  crowded  conditions  numerous  known  and  unobserved  accidents  occur 
and  it  is  probable  that  prophylactic  vaccination  deserves  credit  for  the  lew 
infection  rate  in  this  group  (31.9  per  cent). 


The  length  of  mi.me  that  cases  were  in  contact  with  "UL"  in 
+he  laboratory  before  infection  occurred  varied  from  10  days  to  18  months 
with  a  mean  of  7  months.  la  the  9  cases  with  a  definite  known  exposure 
the  incubation  period  wan  1  day  in  five  cases,  2  10  4  days  in  one,  4  days 
in  one,  6  days  in  one  and  7  days  in  one.  In  two  additional  cases(Table 
LX)  the  exact  exposure  was  not  known  but  the  incubation  period  was  less 
than  10  days  in  one  because  the  person  became  ill  within  10  days  after 
beginning  work  on  the  project.  In  the  other  case  a  conjunctivitis  followed 
3-4  days  after  an  accidental  cigarette  ash  burn  in  the  eye.  "UL"  was 
probably  errried  to  the  irritated  conjunctiva  by  rubbing  with  contaminated 
lingers  sometime  after  the  cigarette  ash  incident. 


Source  of  Infection  ,  v>-' 


Of  the  29  cases/\2  were  definitely,  and  6  were  possibly  con¬ 
tracted  while  posting  infected  animals  or  handling  fresh  infected  tissues. 
The  other  21  patients  or,  72.4  per  cent,  had  no  contact  with  infected 
animal  tissue  and  were  presumably  infected  while  handling  cultures.  Table 
LX  shows  the  most  probable  source  of  infection  based  on  the  type  of  work 
performed  in  the  two  week  period  immediately  preceding  onset. 


G  Stability  of  "UL"  Vaccines: 


1.  Storage  at'  Various  Temperatures 


Since  the  immunizing  potencies  of  acetone  extracted  vaccine  and 
Foshay's  vaccine  were  used  as  standards  for  assaying  new  preparations,  it 
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Tift,  oi  Wer ciuu  iiu  ,oc;r  o* 

"UL"  In,, 

0  ti  U;  lij 

To  r.ul 

/*> 

Pvrso...:el 

In.  J.  O'.;  ft; 

d  Infected 

o  •  fe*  /»  U  0  Sul*  O' 


j-iOu  a. is  &.ii*,i&l  work 

01  cuu  chamber  arid  lab  work 

47 

22 

46.7 

Chamber  A 

2 

1 

50.0 

Cnat,.sor  B 

5  ' 

0 

0 

Cn amber  C 

lu 

0 

c 

To ral  na /J.ual  Ei.gOouro 

72 

23 

31.9 

Sli.  ho  Em;:- o  euro 

Animal  care  (ii,  hr  contact)* 

16 

c 

c 

Animal  care  (noa/y  contact)** 

23 

0 

0 

Maintenance  section  *** 

2? 

0 

0 

Service  room 

2'5 

1 

4 

Tonal  Slight  Exposure 

>1 

1 

lTI 

Totals 

163 

24 

14.5 

autoclaved  csges,  fed  infected  animals  on  weekends  only. 
**  Cared  foriniecteo  animals  daily  oxer  long  period  of  time. 

***  Contact  with  agent  was  slight.  Serviced  buildings  where  agent  • 
was  handled. 
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Table  LIXa 
Type  of  Exposure 


Exposure  Known 

Lumber 
of  Cases 

Per  Cent 
of  cases 

Autopsied  infected  animals 

2 

6.6 

Broken  lyophilized  tube 

2 

6.8 

Spilled  suspension  while  centrifuging 

1 

3-5 

Aspirated  material  while  pipetting 

1 

3-5 

.nit  finger  on  contaminated  tube 

1 

3.5 

3.5 

3-5 

i.eaking  cloud  chamber 

1 

Percutaneous  infection  of  rats 

1 

exposure  Unknown  (Type  work  cone  in  2  weeks 
procedine  onset) 

Autopsied  animals  or  handled,  tissues 
Pipetting,  making  dilutions  and  plate  counts 
Centrifuging  or  filtration  of  mass  Culture- 
Transferred  stock  cultures 
basiled  glassware 
Total 

otal  possibly  contracted  from  ini ec tec.  animals 


/ 

o 


i 

5 


1 

-J, 

29 

6 


20.7 

24.0 

17.2 

3.5 

_L1. 

100. D 

27.6 


ital  contracted  from  handling  cultures  21  72.4 
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was  of  some  interest  to  determine*  the  stability  of  these  vaccines  under 
various  conditions  of  storage.  As  these  vaccines  were  being  prepared  in 
large  quantity  for  possible  use  on  troops  in  the  field,  it  was  also  of 
great  interest  to  know  what  recommendations  should  be  made  regarding 
conditions  of  storage,  transportation,  and  probable  expiration  date.  Three 
lots  of  Foshay' s  vaccine  #16,  one  lot  of  acetone  extracted  vaccine  #30  and 
one  lot  of  acetone  extracted  vaccine  #31  were  stored  in  the  refrigerator, 
at  fluctuating  room  temperature,  and  in  the  37®C  incubator  for  periods 
shown  in  Table  XLI.  All  these  vaccines  protected  80  to  100$  of  vaccinated 
rats  against  a  challenge  of  1000  LDcq  at  the  beginning  of  the  storage 
experiment.  All  were  standardized  to  the  same  total  bacterial  nitrogen 
content  (see  section  on  Preparation  of  Vaccines). 

As  shown  in  Table  XLI  all  vaccines  deteriorated  after  storage  at 
37°C  for  8  months.  Little  loss  of  potency  was  observed  with  the  acetone 
extracted  vaccine  #30  stored  at  room  temperature  and  in  the  refrigerator 
for  8  months.  Acetone  extracted  vaccine  #31  was  prepared  at  0°C  throughout, 
while  #30  was  centrifuged  at  room  temperature.  It  is  apparent  from  the 
stability  of  the  two  vaccines  that  the  procedure  used  for  #30  was  pre¬ 
ferable. 


2.  Effect  of  Heat 

The  acetone  extracted  vaccine  #30  "Was  subjected  to  various  temperatur 
for  varying  lengths  of  time.  The  vaccine  was  then  tested  in  animals  in  the 
usual  way.  Table  XLII  she  s  the  length  of  time  the  vaccine  was  maintained 
at  the  virious  temperature j.  the  temperatures  used,  and  the  animal  results, 

I.,  was  obvious  from  these  data  that  no  appreciable  change  occurred 
in  the  acetone  extracted  vaccine  when  heated  as  shown  in  the  table.  These 
results  with  the  acetone  extracted  vaccine  have  been  confirmed  at  Kansas 
using  vaccines  prepared  at  Camp  Detrick.  Similar  tests  on  whole  culture 
vaccine  have  not  been  carried  out  but  storage  of  Foshay' s  vaccine  as  re¬ 
ported  abeve  indicates  that  the  whole  vaccine  deteriorated  faster  than  the 
acetone  extracted  fraction. 

3.  Effect  of  pH 

Because  chemical  fractionation  was  contemplated  in  the  study  of  "UL" 
antigens,  it  was  considered  important  to  know  their  stability  at  low  pH 
values.  Furthermore,  it  was  postulated  tha t  acid  treatment  of  organisms  . 
might  be  used  for  rendering  broth  cultures  nun-infective  without  making 
the  bacterial  proteins  insoluble  as  had  been  observed  to  occur  following  the 
use  of  acetone,  formaldehyde,  phenol  and  heat  as  killing  agents.  Sonic 
disintegration  of  living  organisms  had  proven  to  be  the  best  method  of 
rendering  "UL"  proteins  soluble,  but,  the  procedure  of  centrifuging  and 
handling  living  organisms  was  considered  so  hazardous  as  to  be  unsafe  for 
large  scale  operation. 
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Preliminary  experiments  had  shown  that  the  pH  must  be  below  5  in 
order  to  kill  all  tho  organisms  in  24  hours  at  room  temperature.  The  ex¬ 
periments  were  performed  by  adding  a  predetermined  amount  of  1  N  HC1  to 
flasks  containing  24  hour  peptone  broth  cultures  of"UL"  and  allowing  them  to 
stand  for  an  hour  to  overcome  the  natural  buffering  action  of  the  media 
before  measuring  the  pH,  Samples  were  withdrawn  after  24  hours  and  injected 
into  mice  to  determine  whether  all  organisms  had  been  killed.  This  pro¬ 
cedure  was  repeated  at  4°0  with  results  similar  to  those  obtained  when  the 
flasks  were  stored  at  room  temperature.  It  was  believed  that  storage  at 
^°Cmight  prevent  excessive  autclytic  reactions. 

A  final  experiment  was  conducted  to  determine  the  length  of  time 
necessary  for  killing  at  loVir  pH  levels  and  also  the  effect  of  low  pH  on 
rat  protective  (antigenic)  power  of  the  organisms  ao  treated.  A  flask  con¬ 
taining  a  24  hour  broth  culture  was  adjusted  to  pH  3.9,  stored  at  4°c  and 
samples  removed  at  intervals  for  mouse  injection  and  rat  immunization.  Mice 
were  given  0.5  ml  intraperitoneally.  Before  rats  were  injected  OH  per  cent 
formalin  was  added  to  kill  any  surviving  "UL"  organisms.  Rats  received 
two  injections  of  0.5  ml  and  one  injection  of  1.0  ml  subcutaneously  at  4$ 
hour  intervals  and  were  challenged  one  month  later  as  shown  in  Table  XLICI. 


All  "UL'f  organisms  were  killed  by  the  end  of  12  hours  as  shown  by 
lack  of  infectivity  for  the  mouse.  Rat  protection  tests  showed  beginning 
less  of  antigenic  potency  a: ter  only  6  hours  exposure  to  pH  3.9.  In  summary 
it  appeared  that  while  in  -be  unpurified  whole  broth  culture  (1)  "UL"  was 
kill  on  in  6-12  hours  expos  ;.-e  to  pH  3.9,  (2)  antigenicity  was  rapidly  im¬ 
paired.  this  treatment. 


Table  XLII 

The  Effect  of  Heat  on  Rat  Protective  Power  of  Acetone  Extracted  Vaccine  #30 


AH 

ra ts  wer„  ch;  lienged  intraperitoneally  with 

1000  i^o 

#  Dead 

P^r  Cent 

Time 

Temperature 

#  Challenged 

Survival 

Control 

Not  Heated 

1/10 

90 

24  hours 

Rm  Temp  Av-26cC 

2/9 

78 

1  week 

Rm  Temp  Ave-27LC 

2/10 

80 

24  hours 

37°c 

2/10 

80 

30  min 

56°c 

1/10 

90 

3  hours 

56°c 

0/10 

100 

15  min 

lOO^C 

0/10 

100 

30  min 

100cC 

1/10 

90 

Ccntr  1 s 

Not  vaccinated 

9/10 

10 
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Table  XLIII 


Effect  of  Storage  at  pH  3.9  on  Viability  and  Antigenicity  of 


"UL"  Broth  - 

Cultures 

#  Hours 

#  Mice  Dead 

Challenge  o 

f  Vaccinated  Rats 

at  pH  3.9 

#  Mice  Injected 

10  LDcrt 

1000  ld50 

#  Dead 

% 

#  Dead 

% 

#  Chall 

.  Survival 

#  Chall. 

Survive 

0 

4/4 

0/8 

100 

1/8 

87 

6 

4/4 

0/9 

100 

4/9 

56 

12 

0/4 

2/9 

78 

3/8 

63 

18 

0/4 

4/9 

56 

3/9 

67 

24 

0/4 

3/9 

67 

4/9 

56 

Controls 

None 

8/9 

11 

7/9 

22 

H  Comparison  of  Vaccines  Prepared  From  Virulent  and  Avirulent  Strains 

Acetone  extracted  vaccines  were  prepared  from  the  fully  virulent 
S  strain  and  from  the  completely  avirulent  NIH  38  strain.  Cultures  of  each 
organism  were  grown  in  peptone  broth  at  37°C  and  at  room  temperature 
(26-28°C),  and  on  solid  Di;B\  media  at  37°C  making  a  total  of  6  vaccines  ir. 
aJl,  Each  finished  vaccine  >as  standardized  to  contain  0.06  mg  nitrogen 
per  ml.  The  results  of  \t  c.r  n;  tion  and  challenge  are  shown  in  Table  XLIV 
.''nd  indi  cate  that  there  w,.s  :io  significant  difference  in  immunizing 
potency  of  vaccines  prepared  from  virulent  or  avirulent  strains  grown  at 
37°C  or  at  room  temperature.  Cultures  grown  on  DCBA  appeared  to  be 
slightly  superior  to  thcsi  grown  in  peptone  broth  but  there  was  no  difference 
between  virulent  and  arlmlent  strains. 

These  results  make  it  unnecessary  to  use  the  virulent  strain  for 
vaccine  preparation  and  remove  a  great  hazard  from  the  fractional. a  on  studi ?s 
where  it  is  desirable  tu  work  with  living  organisms  during  the  initial  steps 
of  centrifugation,  disintegration  and  filtration.  Obviously  the  virulent 
and  avirulent  strains  differ  in  their  ability  to  invade  the  host  and  cause 
death  of  experimental  animals,  Ve  have  no  explanation  of  this  difference 
but  have  previously  in  this  report  noted  that  the  virulent  strain  grows 
better  on  all  artificial  media  and  in  embryonated  eggs.  It  survives  better 
on  storage  and  is  less  susceptible  to  deleterious  agents  than  the  avirulent 
strain.  Electrophoretic  analysis  of  the  two  strains  shows  identical 
components  and  this  is  now  confirmed  by  animal  protection  tests.  Apparently 
the  differences  noted  when  the  two  strains  are  grown  on  artificial  media 
are  not  associated  with  a  difference  in  antigenic  structure.  All  evidence 
indicates  that  the  avirulent  strain  has  become  more  fastidious  in  its 
growth  requirements,  and  has  become  less  adaptable  to  changes  in  its 
environment,  perhaps  through  loss  of  some  enzyme  system  or  regulating 
mechanism.  Vie  have  frequently  observed  that  the  avirulent  strain  dies  out 
quickly  when  injected  into  mice  or  embryonated  eggs.  Doubt  is  now  thrown 
upon  our  original  assumption  that  the  virulent  strain  produced  a  haptene, 
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or  protein  or  capsular  material  which  distinguished  it  from  the  avirulerft 
strain.  On  the  basis  of  the  information  now  available  it  appears  that  there 
is  no  structural  difference  between  virulent  and  a virulent  strains  when 
grown  on  the  present  artifical  media. 

5.  Summary 

"UL"  vaccines  deteriorate  when  stored  ft  37°C  for  8  months  but  keep 
for  the  same  length  of  time  if  stored  at  ice-box  temper'  cures.  Acetone  ex¬ 
tracted  vaccine  keeps  better  than  Foshay1 s  vaccine,  floating  at  100°C  for 
30  minutes  does  not  impair  the  protective  power  of  acetone  extracted  vaccine. 
Adjusting  the  pH  of  a  "UJ1  broth  culture  to  5  or  below  causes  rapid  death 
of  the  organisms  accompanied  by  a  destruction  of  protective  antigen. 

Vaccines  prepared  from  completely  avirulent  strain  38  grown  on  Snyder's 
peptone  medium  or  on  DCBA  protected  rats  as  well  as  vaccines  similarly  pre¬ 
pared  from  virulent  strain  SI. 

I  Fractionati  n  Studies  of  "UL"  Antigens 

This  study  was  undertaken  in  an  attempt  to  produce  a  better  antigen 
by  purifying  the  active  material  which  is  known  to  be  present  in  the 
vaccines  now  in  use.  The  •'  esha.y  vaccine  ;ind  the  acotone-t xtractcd  vaccine 
showed  about  equal  pret  active  properties  in  rats,  however,  there  was  ar 
antigenic  difference  beiw ...;r  the  vaccines  since  the  diluted  Foshay  vaccine 
gave  veyy  stron  skin  test  reactions  with  sensitive  persons  while  the  acctono- 
euwraet  xl  vaccine  did  no l .  The  Foshay  vaccine  s  •  imul  ..ted  greater  ag¬ 
glutinin  antibody  pnduotir  in  man  and  rats  bur,  there  was  no  correspondingly 
greater  protection  to  experimental  challenge  in  ratu.  One  possible  ex¬ 
planation  for  these  ebserrd  differences  between  the  whole  culture  Foshay 
vaccine  .and  the  partialxj  purified  acetone  extracted  vaccine  was  that  the 
Foshay  ’r.ccine  contain  x-  a  number  of  antigenic  components  with  different'-, 
immunological  activitim.  Comparative  skin  tests  with  the  two  vaccines 
indicated  that  the  como  nent  responsible  for  the  allergic  skin  reaction  was 
largely  removed  by  acetone  extraction  without  impairing  the  pr  t active 
power  of  the  acetone  insoluble  fraction.  Extraction  and  purification  of 
the  antigeiiic  component  responsible  for  protection  might  by  removing  the 
sensitizing  antigen,  eliminate  or  materially  reduce  the  number  of  vaccination 
reactions  which  have  been  observed  in  the  past  with  crude  vaccines.  The 
purified  allergenic  component  would  be  of  value  as  a  skin  tost  antigen  for 
detecting  hypersensitivity  or  for  diagnostic  purposes.  In  the  beginning 
it  was  assumed  that  the  "Ul"  antigens  under  investigation  were  labile  and 
the  techniques  and  methocs  used  all  involved  working  at  low  temperatures 
in  order  to  prevent  denaturation  of  the  active  material. 

1 .  Disintegration  Methods 

The  first  problem  in  the  antigen  fractionation  study  was  to  find  the 
proper  method  of  disintegrating  the  organisms  in  order  to  get  as  much  ef 
the  antigenic  material  into  solution  as  possible.  The  first  method  used 
was  that  :>f  freezing  and  thawing  the  organisms  several  times.  Even  with 
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ten  or  more  freezing  and  thawing  processes  the  amount  of  antigen  in 
solutioh  was  not  greatly  increased.  The  next  method  studied  was  that. of 
mechanically  grinding  the  organisms.  The  method  of  Viggert  et  al  ™) 
for  grinding  bacteria  with  powdered  glass  in  a  mortar  and  pestle  was 
deemed  dangerous  and  was  not/ used  with  this  organism.  The  conical  grinder 
described  by  Kalnitsky  et  ar65^  was  not  available  at  the  time  this  work 
was  in  progress  nor  .were  the  low  temperature  ball  mills  of  Mudd(70;  or 
cf  Booth  and  Green  ,  in  attempting  to  grind  MUL"  organisms  a  number 
of  devices  were  made  and  tested,  The  grinder  which  was  finally  developed 
was  built.  of  equipment  available  in  this  laboratc  ry  and  has  the  advantages 
of  being  inexpensive  and  easily  constructed.  It  did  a  satisfactory  grind- 
ing  job  but  had  the  disadvantage  of  being  rather  slow.  The  operation  of 
the  machine  is  quite  simple.  (Figure  42) 

Tho  organisms,  mixed  with  water  and  ground  glass,  were  fed  into 
the  grinding  mechanism  by  tho  syringe  my  be  any  size  Yale  Lok  syringe, 
and  if  a  small  syringe  is  used  it  can  be  easily  removed,  when  empty,  and 
replaced  by  a  loaded  one.  The  feeder  tube  was  of  rubber  or  plastic, 
cemented  to  the  bases  of  two  hypodermic  needles  from  which  the  needles 
had  been  removed,  and  which  had  been  drilled  out  to  permit  an  easy  flow  of 
material  to  be  ground.  This  tube  was  connected  with  a  100  ml  Yale  Lok 
syringe  (G)  in  which  the  grinding  took  place.  The  piston  of  this  syringe 
had  been  machined  in  &  special  way  (see  insert),  Six  grooves  about  £  inch 
wide  were  cut  down  the  length  of  the  piston;  the  grooves  were  cut  just 
deep  enough  to  permit  water  tc  pass  through  the  syringe.  Very  fine 
scratches  connected  one  groove  with  the  next.  These  scratches  were  cut  at 
an  angle  so  that  material  feeding  down  through  the  groove  would  be  caught 
and  sent  back  into  tho  next  groove.  In  this  manner  the  mixture  traveled 
a  maximum  distance  before  finally  emerging  from  the  syringe.  It  was  in 
these  scratches  that  most  of  the  grinding  took  place.  Care  had  been  taken 
that  the  scratches  were  in  the  proper  direction  with  regard  to  the  turn¬ 
ing  of  the  piston  so  that  tho  material  being  ground  was  sent  back  through 
the  scratches  and  not  forward. 


The  piston  was  driven  by  an  electric  motor  (A)  connected  by  a 
suitable  belt  and  pulley  system  (B)  to  a  speed  reducing  gear  (C).  The 
speed. of  turning  was  thus  reduced  to  approximately  120  RPM,  The  speed 
reducing  gear  was  connected  to  the  glass  piston  by  a  large  piece  of  Saran 
tubing  (E).  This  tube  was  cemented  tc  the  piste, n  and  fastened  to  the 
shaft  of  the  gear  by  a  rubber  st(ppor.  The  Saran  tube  was  cut  in  the  center 
and  tho  two  pieces  held  together  by  a  rubber  tube  (F)  which  had  been 
inserted  tc  add  flexibility.  Holes  had  been  cut  through  the  rubber  and 
Saran  tubes  and  copper  wire  used  t(  fasten  them  together.  The  grinder  was 
mounted  on  a  w<_eden  base  and  cculd  be  easily  carried  into  the  c;  Id  room 
for  grinding  operations. 

In  order  to  use  the  grinder  effectively  very  fine  ground  glass  must 
be  used.  This  glass  was  prepared  by  grinding  broken  pyrex  glassware  in  a 
ball  mill  for  24  hours.  The  powdered  glass  was  then  sieved  to  remove  the 
1  irger  particles  and  the  fine'  glass  suspended  in  water.  Usually  about  one 
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pound  of  glass  was  suspended  in  five  gallons  of  water.  After  the  glass 
had  been  allowed  to  settle  for  an  hour  the  supernatant  fluid  was  drawn  off 
and  the  glass  still  in  suspension  centrifuged  out.  This  procedure  yielded 
glass  of  a  size  not  exceeding  2  microns  and  averaging  about  1  micron  in 
length.  By  using  this  glass #  in  the  grinder  maximum  efficiency  was  ob¬ 
tained  and  the  grinding  proved,  to  be  quite  satisfactory. 

In  an  effort  to  process  a  larger  amount  of  organisms  an  attempt  was 
made  to  grind  "UL"  in  an  ordinary  porcelain  jar  ball  mill  using  quartz 
balls  and  powdered  glass  for  the  abrasive.  It  was  found  that  several 
days  of  grinding  in  the  cold  was  necessary  for  reasonably  good  results.  This 
method  was  used  to  prepare  a  large  .amount  of  material  for  fractionation. 

The  last  and  most  successful  method  tried  for  disintegrating  the 
organisms  was  the  sonic  vibrator  of  Chambers  and  Florsdorf.''^ 

Thid  apparatus  was  made  available  to  this  project  through  the  courtesy  of 
Dr.  Leslie  A.  Chambers  of  the  Johnson  Foundation,  University  of  Pennsylvania, 
Philadelphia,  Pa,  The  first  "UL"  preparations  run  in  this  apparatus  were 
the  previously  prepared  acetone  extracted  vaccine  (ULB)  and  two  fractions 
of  the  acetone-extracted  vaccine  precipitated  with  ammonium  sulfate  (SML 
and  SMH).  They  were  exposed  for  one  hour  in  the  ossilator  at  a  frequency 
of  9,000  cycles.  All  three  pr< parations  were  known  to  contain  an  active 
antigen  as  shown  by  rat  immunization  experiments.  Following  sonic  vi¬ 
bration  no  appreciable  decrease  in  turbidity  was  observed  and,  in  the  case 
of  ULB  only  a  slight  increase  in  soluble  total  nitrogen  was  obtained  as 
shown  in  Table  LXV. 

The  most  striking  effect  of  sonic  treatment  was  observed  when  fresh 
living  "UL"  organisms  were  employed.  Twenty-four  hour  peptone  broth 
cultures  were  centrifuged  to  concentrate  the  organisms  and  remove  the  ex¬ 
cess  of  culture  medium.  The  packed  sediment  was  resuspended  in  physiolo¬ 
gical  saline  and  colony  counts  on  DCBA  plates  were  made  before  and  after 
one  hour  in  the  sonic  apparatus.  Turbidity  readings  were  made  on  the 
Coleman  spectrophotometer. 

The  results  of  ttu  turbidity  readings  showed  a  70  fold  decrease 
of  opacity  measured  on  the  spectrophotometer.  Table  LXVI  shows  the  effect 
on  the  viable  count  in  four  separate  samples. 

This  apparatus  solved  the. problem  of  disintegration  of  the  organisms 
very  well,  however,  some  work'bU'  had  shown  that  sonic  treatment  could  be 
harmful  to  certain  proteins  and  other  biological  materials . 

A  sample  of  sonic  disintegrated  virulent  strain  S  (ULLSF-3)  was 
filtered  through  a  Selas  03  filter  and  tested  at  the  same  time  as  sonic 
treated  samples  of  ULB  (acetone  extracted  vaccine),  SLH  and  SLL  (ammonium 
sulfate  fractions).  Rats  were  immunized  with  an  equivalent  amount  of  each 
antigen  on  the  basis  of  total  nitrogen  content  and  challenged  as  shown 
in  Table  LXVI I. 

*  It  is  important  that  pyrox  fclass  be  used  for  grinding  ns  soda-glass 
raised  the  pH  of  the  suspension  to  about  9. 
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Table  LXV 

Total  N  in  ragm/ral  Before  and  After  Sonic  Vibration 


Preparation 

Before  Sonic 
Total  N 

Treatment 
Soluble  N 

After  Sonic 
Total  N 

Treatment 
Soluble  N 

ULB 

2.68 

.015 

2.68 

0.22 

SmH 

0.50 

— 

0.44 

0.14 

SML 

0.50 

— 

0.52 

0.38 

SMH  and  SML  fractions  were  quite  soluble  after  sonic 

treatment . 

Table  LXVI 

Elfect  of  1  Hour  Sonic  Vibration  of  Living  "UL" 


Sample 

DCBA  Plate  Count 

Per  Cent 

Before 

After 

Killed 

1 

311  x  10^/ml 

.162  x  109/ml 

99.5 

2 

356  x  109/ml 

.032  x  109/ml 

99.9 

3 

220  x  109/ml 

.027  x  109/ml 

99.9 

4 

159  x  109/mi 

.055  x  109/ml 

99.7 

Table  LXVII 

Rat  Immunization  with  Sonic  Treated  Antigens 

Vaccine 

Number  of 

Day  of  Death 

Per  Cent 

Animals 

1  2  3  4  5  6 

7 

8 

9  Survival 

ULBV 

7 

0  0  0  0  0  0 

1 

0 

0 

86 

ULLSF3 

9 

0  0  1  0  0  0 

0 

0 

0 

89 

SMLV 

10 

0  0  0  0  0  0 

0 

0 

1 

90 

SMHV 

9 

0  0  0  0  0  0 

0 

0 

0 

100 

Acetone  Controls  9 

0  0  0  0  0  1 

0 

0 

0 

89 

Controls 

10 

0  0  2  0  6  0 

0 

1 

0 

10 

Judging  by  the  information  which  this  experiment  yielded,  the  sonic 
method  is  a  most  satisfactory  way  of  disintegrating  the  organisms  or 
making  a  stable  suspension  of  precipitated  fractions  without  harming  the 
antigen. 
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2.  Fractionation  Methods 


Before  tho  sonic  disintegrator  was  available  a  number  of  experiments 
had  been  carried  out  with  material  prepared  in  one  of  the  grinders.  All 
operations  were  conducted  in  the  cold  and  all  chemicals  and  reagents  were 
cooled  before  being  used, 

(a)  Ammonium  Sulfate  Fractions 

The  organisms  were  grown  in  Snyders  peptone  media,  killed  by 
adding  acetone  equal  to  25$  of  the  volume  of  broth,  and  allowed  to  stand 
overnight  in  the  cold.  The  organisms  were  then  collected  in  a  Sharpies 
centrifuge.  When  a  sufficient  quantity  had  collected  they  were  mixed  with 
two  parts  powdered  glass  and  enough  water  to  form  a  thin  paste,  and  then 
ground  in  the  syringe  grinder.  After  grinding,  the  glass  and  bacterial 
debris  were  removed  by  centrifuging  in  the  cold  at  4000  RPM  for  90  minutes. 
The  solution  was  saturated  with  ammonium  sulfate  and  allowed  to  stand  in  a 
cylinder  j.or  throe  days,  At  the  end  of  this  time  the  material  had  precipi¬ 
tated  in  a  peculiar  way.  It  had  separated  into  three  distinct  layers.  The 
top  layer,  a  white,  flocculant  precipitate  (SML);  a  clear  middle  layer  of 
ammonium  sulfate  solution,  and  a  third,  bottom  layer  that  settled  into  a 
heavy,  grey-white  flocculcnt  mass  (SMH),  The  two  principal  layers  SML  and 
SMH  were  siphoned  off  and  dialyzed  free  of  ammonium  sulfate.  They  were 
then  lyophilized  for  storage.  Samples  of  each  were  diluted  to  a  total 
nitrogen  content  of  0,05  mg,N/ml  and  tested  on  twenty  rats  each.  The  figure 
0.05  mg.N/ml  is  the  amount  of  nitrogen  per  milliliter  which  is  contained 
in  the  acetone-extracted  vaccine  used  as  a  standard  for  testing  the 
antigenic  potency  of  these  fractions.  The  results  are  shown  in  Figure  43. 
According  to  these  figures  SMH  is  a  much  better  protective  antigen  than 
SML.  The  antigen  present  in  fraction  SMH  was  not  destroyed  by  ammonium 
sulfate  treatment  as  shown  by  rat  protection  tests. 

Relationship  of  pH  to  the  Turbidity  of  SML  Suspensions 

It  was  shown  that  the  addition  of  bases  in  sufficient  quantity 
to  raise  the  pH  to  about  9  would  clear  a  turbid  suspension  of  SML  or  SMH. 
Acid  treatment  did  not  decrease  the  turbidity  but  rather  seemed  to  increase 
it.  In  an  eflort  to  investigate  the  solubility  of  this  material  at  nearly 
neutral  pH  the  following  experiment  was  performed. 

The  SML  was  diluted  to  a  concentration  of  0.05  mg.N/ml  and 
samples  of  this  material  were  dialyzed  against  0.1  M  phospate  buffers  in 
the  pH  range  from  6,0  to  8,0  in  steps  of  0,1  pH  unit.  Upon  completion  of 
dialysis  there  appeared  to  be  very  little  difference  in  the  turbidity  of 
the  samples.  IVhen  the  samples  were  read  in  the  spectrophotometer  the  per¬ 
centage  light  transmission  varied  tfith  the  pH.  These  values  are  plotted 
graphically  in  Figure  44. 

The  minimum  point,  pH  7.3,  of  transmission  might  very  well 
be  the  isoelectric  point  of  the  principal  protein  and  dots  in  fact  agree 
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reasonably  well  with  the  isoelectric  point  value  found  later  by  the 
electrophoresis  method. 

(b)  Fractionation  Studies  Using;  Strain  NIH-38 

It  had  been  demonstrated  that  a  vaccine  could  be  made 
from  the  avirulent  strain  NIH-38.  This  seemed  to  offer  a  solution  to  the 
problem  of  obtaining  native  material  unchanged  by  contact  with  acetone, 
formalin,  phenol  or  any  of  the  other  similar  agents  generally  used  to  kill 
the  organism,  Quqntities  of  NIH-38  were  grown,  collected  in  the  Sharpies 
centrifuge,  disintegrated  by  the  sonic  treatment,  dialyzed  free  of  soluble 
material,  and  then  lyophilized  for  storage.  This  material  was  used  for 
nearly  all  of  the  fractionation  studies  hereafter. 


(c)  Chloroform  Gel  Method 


Smolens^^ 

fractions. 


Following  the  procedure  developed  by  Sevag,  Lackman  and 
a  chloroform  extraction  method  was  used  to  extract  antigen 
All  work  was  done  at  1°  C.  The  material  used  was  12  ml  of  a 


suspension  of  organism  which  had  been  treated  by  the  sonic  method  and  then 
filtered  through  an  03  Selas  filter.  To  this  was  added  5  ml  of  chloroform 
and  0,5  ml  of  iso-amyl  alcohol.  The  mixture  was  shaken  well  and  then 
centrifuged  until  a  good  separation  was  obtained.  After  centrifuging  the 
tube  contained  three  distinct  layers;  the  top  water  layer,  a  solid  chloroforir- 
protein  gel,  and  a  bottom  layer  of  excess  chloroform.  The  water  layer  was 
pipetted  off  and  treated  several  times  with  chloroform  until  no  appreciable 
amount  of  gel  formed,  At  this  point  there  were  three  separate  components, 
the  water  supernatant,  the  chloroform  gel,  and  the  excess  chloroform 
(Figure  45). 


The  gel  was  washed  first  with  alcohol  and  then  with  water 
adjusted  to  pH  5.0  with  acetic  acid.  The  washings  were  saved  for  further 
precipitation.  The  protein  material  left  upon  solution  of  the  gel  was 
suspended  in  cold  0,01  N  NaOH  for  several  hours  until  it  want  into  solution 
and  was  then  dialyzed  against  water  to  remove  the  excess  NaOH.  A'  slight 
precipitate  formed  which  was  centrifuged  off  and  discarded.  The  final 
solution  (CPE)  measured  21  ml  in  volume. 

The  water  supernatant  from  the  original  chloroform  treatment, 
plus  the  washings  from  the  chloroform  gel  were  treated  with  6  volumes  of 
95%  alcohol  and  allowed  to  stand  overnight  at  1°  C.  A  white  precipitate 
formed  which  was  filtered  off.  The  precipitate  was  then  dissolved  in  water, 
filtered,  and  reprecipitateci  with  alcohol.  The  precipitate  (CNAE)  was 
again  dissolved  in  water  and  dialyzed  free  of  alcohol.  The  final  solution 
(CNAE)  measured  20  ml  in  volume. 

In  order  to  be  sure  that  no  more  material  remained  in  solution 
in  the  alcohol  from  the  CNAE  precipitation  this  solution  was  dialyzed  against 
95$  alcohol.  At  the  end  of  48  hours  of  precipitate  (CALP)  had  developed. 

This  was  centrifuged  off,  rcdissolved  in  water,  dialyzed  against  water,  cand 


-141- 


SECRET 


SECRET 


then,  as  there  was  very  little  Material  present,  the  entire  sample,  5 
was  sent  to  the  chemistry  branch  for  analysis.  The  results  are  shown  in 
Table  LXVIII. 


Table  LXVIII 

Chemical  Comparison  of  Chloroform  Fractions 

Sample 

Total  N 

Total  P 

Total  Carbohydrate 

in  Sample 

in  Sample 

as  Glucose 

CPE 

6.51  mg 

0.105  mg 

1.701  mg 

CNAE 

1,20 

0.100 

13.80 

CALP 

0.15 

0,005 

CPE 

Biuret 

/ 

Molisch 

CNAE 

The  two  most  important  fractions, 

CPE  and  CNAE,  had  qi 

definite  characteristics  as  shown  by  this  table.  The  CPE  seemed  to  be  a 
protein  as  indicated  by  the  positive  Biuret  test.  The  CNAE  seemed  to  be 
some  sort  of  carbohydrate  material  containing  nitrogen  and  phosphorous. 

The  high  phosphorous  to  nitrogen  ration  suggested  a  nucleic  acid  complex. 

An  ultraviolet  absorption  spectrum  was  run  on  the  Coleman  Spectrophotometer. 


The  values  obtained  were  plotted  a.gainst  similar  data  for 
ribonucleic  acid  a s  shown  in  Figure  46.  The  points  of  the  first  high  peaks 
arc  identical  for  the  two  curves  while  the  minimum  in  the  CNAE  appears  to 
be  partially  masked  by  impurities. 

The  carbohydrate  was  determined  by  the  carbazole  method  of 
Dische^-1-)  as  developed  by  Gurin  and  Hood^',  The  color  and  curve  of  the 
carbazole  of  this  carbohydrate  was  quite  unlike  that  of  any  sugar  available 
at  this  laboratory.  The  curve  was  read  as  glucose  as  it  more  closely  fitted 
the  glucose  curve  than  any  other.  However,  the  curve  indicated  that  the 
final  hydrolysis  product  was  no  simple  hexose  or  pentose  but  seemed  to  be 
a  sugar  of  perhaps  twelve  carbon  atoms  in  size. 

An  electrophoresis  study  was  made  of  the  protein  fraction, 

CPE,  and  this  showed  a  single  peak,  indicating  that  no  other  components  were 
present.  The  material  was  run  at  pH  6.98  in  cacodylate  buffer  and  had  a 
mobility  of  -3,5.  There  was  about  10$b  of  inert  material  at  the  bottom  of 
the  peak,  which  probably  indicated  that  some  decomposition  had  taken  place, 

A  more  extensive  discussion  of  electrophoretic  data  appears  near  the  end 
of  this  report. 
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Animal  tests  (Table  LXIX)  wore  made  on  CNAE  and  CPE,  there 
was  too  little  of  the  CALP  material  for  anything  but  a  few  simple  chemical 
tests. 


The  antigens  wore  given  on  the  basis  of  0.05  mgN/ml  of 
vaccine  and  were  injected  0.5  ml  subcutaneously  on  the  first  day  and  two 
days  later  with  0.7  ml  subcutaneously.  The  rate  were  challenged  one  month 
later  with  100  MLD  injected  in  one  ml  intraperitoneally. 


Table  LtfX 


Immunization  with  Chloroform  Fractions 


Vaccine 

Number  of 
Animals 

Day  of  Death 

1  2  3  4  5  6  7  8  9  10  11  12 

D/T 

PerCent 

Survival 

*•  f 

CPE 

5 

000011000  1  0  0 

3/5 

40 

CNAE 

5 

00300010. 0  0  0  0 

4/5 

20 

Controls 

7 

006000000  0  0  0 

6/7 

13 

There  was  a  noticeable  difference  in  the  way  the  animals 
reacted  to  challenge.  The  rats  vaccinated  with  fraction  CPE  did  not  appear 
ill  on  the  third  day  after  challenge  when  the  majority  of  deaths  occurred 
in  the  controls  and  in  animals  vaccinated  with  fraction  CNAE.  Delayed  deaths 
occurred  in  the  CPE  group  on  the  fifth,  sixth  and  eleventh  days  after 
challenge.  40$  of  the  CPE  rats  survived  ag- inst  20$  for  CNAE  and  13$  for 
the  controls.  As  the  number  of  rats  used  in  this  experiment  was  limited 
the  data  could  not  be  considered  statistically  significant  but  indicated 
tht  iraction  CPE  contained  the  antigen.  The  poor  protection  afforded  by 
fraction  CPE  in  comparison  v/ith  a  whole  vaccine  indicated  that  it  was 
partially  inactivated  or  destroyed  by  the  manipulation  of  extraction  and 
purification.  This  fraction,  precipitated  with  1  per  cent  alum,  also  failed 
to  protect  monkeys  against  challenge  with  virulent  organisms  (see  Immuni¬ 
zation  of  Monkeys,  Section  F-o  this  report).  As  some  decomposition  of  the 
antigen  was  also  indicated  by  the  electrophoresis  picture  this  method  of 
extraction  was  not  continued  further. 

(d)  Ultrafiltration  Method 


In  an  ellort  to  get  away  from  harsh  chemical  fractionation 
methods  the  physical  method  of  ultrafiltration  was  used.  This  consisted  of 
filtering  the  sonic  treated  material  through  nitrocellulose  membranes^) 
of  various  porosities  in  order  to  separate  fractions  of  grossly  different 
molecular  sizes. 


...  .  The  fibers  were  made  by  impregnating  Whatman  // 1  filter  paper 

with  various  concentrations  of  nitrocellulose  dissolved  in  glacial  acetic 
acid.  The  papers  used  by  Elford(b3)  wer,  not  available.  The  concentrations 
of  nitrocellulose  in  acetic  acid  were  1.0$,  1.5$,  2.0$,  2.5$,  3.0$,  3.5$. 
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£  ^1UT  paper  in  anw11  *"  lining 

dessir .t n* solutions.  These  jars  were  than  placed  in  a  vacuum 

weje  rivsn  off  bv Z  n  n  VaeU“  mintai"eti  “"Ml  no  more  air  bubbles 
r  bf:  the  mter  Ihe  vacuum  was  then  released  and  the 

K  dS  hftwir>?wre^Tld  fT  the  "itroeellulose  solutions  the  papers 
worn  fh  i  j  ^  ®^ass  rods  to  remove  the  excess  nitrocellulose  Thev 
wre  then  placed  in  water  and  washed  free  of  acetic  acid  The  Zbr^e 

*as  mounted  in  a  Seits  filter  with  another  piece  if  fUte~ 

pr^St  cloSi^  cf3thr?ifr  rei"fori:e'“i"t*  *  «,U  stirrer  was  usS  to 
that  Which  wSlost  effiH1  r*  ??  pressure  at  which  the  filter  was  run  was 

user^110^^0^^8”6  select* the^best^filterVpaper1*to^U^^e 

treatori  mtu  on  Th®  firsfc  mfcerial  to  b*  filtered  was  prepared  from  sonic 
3  S  of  S  ™8  “tertal  ™  first  treatS  with 

KasaifKSKrr 

filtration.  q“lte  *6  not  change  in  appearance  on 

On  solution  the  Sp-l^iwTniSSi^^  *?"  J*eU8?  1,05  *■  <*  ®teri»l. 
showed  turbidity  with  trichlornclHn  C- ,1Ure^  ana  Positive  Molisch  test  and 
16  ml  of  solution  was  ™  S  the  ^  T  l  A  ™ple  c0"taini"6  0.219  gm  in 
and  .animal  protection  tests  we«  als“  SS“ut”'  ^  Ch<aloa  te8ts 

turbid  and  was  ocntrifugoddin1'an''effortJ,tJh0  flltor  (OLS-1.5)  was  very 
that  might  be  present  ^However  SJ°Vf  any  Precipitated  material 

18,000  Rrn  only  a  ve^  small  amiunt  of"°  Stu“  ori'^ff’Vt, 

izti.  1  rf« 

sss  S  a  - 

Molisch  test.  P  gc  “  laint1^  Positive  Biuret  test  and  a  negative 
The  comparison  of  chemical  results  is  shown  in  Table  LXX. 
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Table  LXX 


Chemical  Ultrafilter  Fractions 

Sample 

Mg  N/ml  Total  carbohydrate 

as  glucose 

N  calculated 
as  protein 

Protein  to 
Carbohydrate 
ratio 

ULF 

0.06  0.083  ng/ml 

0.375  mg/ml 

4.52-1 

ULS 

0,27  0.198  mg/ml 

1.69  Kig/ml 

8*53-1 

The  ULF-1.5  appeared  to  be  a  carbohydrate  complex  of  some  sort 
while  the  ULS-1.5  was  a  protein.  The  protein-carbohydrate  separation  was 
exactly  the  separation  hoped  for  in  using  the  ultrafilter  method* 

A  weighed  sample  of  UIE^l*  5  was  dissolved  in  water  and 
dialyzed  against  water  for  several  days,  and  then  lyophilized.  There  was  very 
little  lose  of  weight  upon  dialysis  showing  that  the  ULF-1.5  complex  is  too 
large  a  molecule  to  pass  through  the  cellophane  membrane.  Another  sample  of 
ULF-1.5  was  dissolved  in  water  and  precipitated  with  trichloracetic  acid. 

The  precipitation  took  place  overnight  at  -7°  C*  The  precipitate  was 
centrifuged  out  and  the  supernatant  dialyzed  against  water.  Vihen  free  of  acid 
the  supernatant  was  frozen  and  lyophilized.  Nothing  remained  after  completion 

of  lyophilization.  Evidently  all  of  the  material  present  was  removed  by 

trichloracetic  acid.  The  ultraviolet  absorption  curve  of  ULF-1.5  (figure  47) 
showed  a  distinct  similarity  between  the  ULF-1.5  and  ribonucleic  acid  while 
the  ULS-1.5  was  quite  different. 


A  comparison  of  the  antigenic  properties  of  the  fractions  is 
shown  in  Figure  48.  Using  acetone-extracted  vaccine  as  a  control,  animals 
were  immunized  with  solutions  containing  0.04  mg  of  solids  per  ml  in  each 
case.  The  rats  were  immunized  with  three  intraperitoneal  injections  of  0.5 
ml  at  48  hour  intervals.  The  acetone  control  was  the  best  antigen  while 
the  ULS-1.5  was  considerably  better  than  ULF-1.5  or  the  whole  material,  ULA3. 


Ten  per  cent  of  the  unvaccinated  controls  survived.  Since 
the  death  curve  of  controls  fell  between  that  for  ULA3  and  ULf— 1.5  it  was 
omitted  from  Figure  48  for  convenience  in  plotting.  These  latter  two  antigens 
did  not  confer  any  protection  while  ULS-1.5  and  the  acetone  extracted  vaccine 
did  protect  a  significant  number  of  animals.  The  low  percentage  survival 
with  UI^-1.5  and  the  acetone  extracted  vaccines  is  explained  by  the  massive 
challenge  used  in  this  experiment  (50,000  rat  LD^Q). 

The  original  material  used  as  a  starting  point  for  fractionation 
(ULA3)  was  a  good  protective  antigen  when  given  in  a  dose  of  4  nig  of  solids. 

It  protected  22$  of  the  animals  when  challenged  with  50,000  LD-Q.  This 
suggests  that  the  filtration  concentrated  the  protective  antigen  or  possibly 
removed  some  substances  which  interferreri  with  immunization. 
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The  electrophoretic  data  are  summarized  in  the  following 

Table  LXXI. 


Table  LXXI 


Electrophoretic  Data  of  Ultrafilter  Fractions 


Mobility  U^ 

x  105 

Sample 

PH 

P1 

P2 

N 

Antigenic 

Properties 

Remarks 

UU3 

7.02 

-1.9 

-0.8 

-13.1 

good 

chiefly  p^ 

ULF-1.5 

7.02 

-1.7 

— 

-12.5 

poor 

chiefly  p^ 

ULS-1.5 

7.02 

-1.9 

-0.6 

— 

good 

chiefly  p, 
similar  to  ULA3 

Three  principal  components  were  demonstrated  by  electrophoretic 
analysis,  p^,p2,  and  N  (See  Figures  49,  50,  51).  The  N  component  has  a  very 
high  mobility  suggesting  nucleic  acid.  The  elimination  of  it  in  sample 
ULS-1.5  shows  that  this  component  is  not  the  active  antigen.  There  is  no 
p2  component  in  ULF-1.5,  which  is  a  poor  antigen.  It  seems  then  thatthe 
P2  or  possibly  a  combination  of  and  p2  is  necessary  for  good  antigenic 
qualities. 


Summary 

These  are  the  facts  known  and  conculusions  suggested  by 
the  various  data  obtained  in  this  experiment. 


ULF-1. 5: 


1.  Is  a  poor  antigen. 

2.  Precipitates  completely  with  trichloracetic  acid. 

3.  Decomposes  at  240°  c —  perhaps  similar  to  glycogen 
which  also  decomposes  at  240°  C. 

4.  Gives  a  negative  Biuret  test  when  tested  in  1.0  per 
cent  solution — not  a  protein  material. 

5.  Gives  a  positive  Molisch  test — the  test  is  weak  and 
develops  slowly,  suggesting  a  very  complex  carbohydrate. 

6.  Gives  an  ultraviolet  absorption  curve  similar  to 
ribonucleic  acid — nucleic  acid  may  be  a  part  of  the  complex. 
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7. '  Contains  a  high  proportion  of  carbohydrate-— as  would  be 
expected  by  the  Molisch  results. 

8.  The  carbohydrate  as  determined  by  the  carbazol  method 
gives  a  curve  unlike  the  usual  pentose  and  hexose  curves  even  after  hydrolysis 
in  80$  sulfuric  acid — suggests  a  basic  unit  which  is  more  complex  than  the 
usual  hexose  or  pentose. 

9.  Forms  osazones  which  precipitate  in  5?  minutes — glucose 
forms  an  osazone  in  4  to  5  minutes. 

10;-  Gives  no  color  reaction  with  iodine — as  do  starch  and 

glycogen. 

11.  As  shown  by  electrophoresis  studies  contains  two  principle 
components;  p^  and  N,  with  mobilities  of  -1.7  and  -12.5  respectively. 

ULS-1.5: 

1.  Is  a  good  antigen. 

2.  Precipitates  with  trichloracetic  acid — as  would  be  expected 
of  protein  material. 

3.  Gives  a  positive  Biuret  test — the  presence  of  protein 
is  again  indicated. 


4.  Gives  a  negative  Molisch  test — no  appreciable  amount  of 
carbohydrate  is  indicated. 

5.  Gives  an  ultraviolet  absorption  curve  unlike  nucleic 
acid  but  similar  to  many  other  proteins. 

6.  Has  a  high  protein  to  carbohydrate 'Tatio  compared  with 
ULF-1.5 — -mostly  protein  material  present. 

7.  lill  not  pass  through  a  1.5$  nitrocellulose  membrane  at 

pH  7 - large  molecules  are  present. 

8.  As  shown  by  electrophoresis  studies  UeS-l. 5  contains  two 
principle  components;  p^  and  p ^  with  mobilities  of  -1.9  and  -0.6  respectively — 
this  eliminates  component  N  as  a  part  of  the  antigen  necessary  for  protecticn. 

Conclusions 


By  filtering  sonic  killed  NIH-38  organisms  through  a  1.5% 
nitrocellulose  ultrafilter  a  fractionation  of  the  antigenic  material  could  be 
accomplished.  The  filtrate  was  a  poor  antigen  while  the  residue  was  a  good 
antigen.  By  comparing  the  two  fractiv  ns  chemically  and  elcctrophoretically 
several  conclusions  are  indicated.  The  antigen  seems  to  be  a  protein  which 
is  too  large  a  molecule  to  pass  through  the  membrane.  It  differs  from  the 
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filtrate  ULF-1.5  in  that  it  contains  no  electrophoretic  component  N.  This 
filtrate  is  a  carbohydrate  material  which  contains  the  unnecessary  component 
N  but  does  not  contain  component  p  which  is  present  in  both  the  ULS-1.5  and 
the  original  material  ULA3.  A  study  of  the  electrophoresis  pictures  shows 
that  the  p  fraction  composes  only  about  10%  of  the  material  present  in 
ULS-1.5  ana  ULA3,  so  that  if  p2  is  the  antigen  very  little  is  necessary  to 
afford  protection.  This  may  account  for  the  slight  protection  shown  by 
UIli’-1.5  as  a  small  amount  of  p2  could  have  been  masked  by  the  p-j.  component. 

The  antigen  then  is  a  protein  represented  by  either  component  p2  or  by  a 
combination  of  p^  and  p?.  The  unnecessary  material  is  a  nucleic  acid  complex, 
probably  with  a  carbohydrate. 

3*  Summary  of  Electrophoresis  Studies 

A  number  of  different  types  of  material,  in  addition  to  the 
fractions  mentioned,  were  studied  by  ra^ans  of  the  Tiselius  electrophoretic 
apparatus  (71,66,67,68,69).  V/hen  the  data  on  all  of  these  different  samples 
were  compiled  certain  conclusions  were  suggested.  The  samples  Are  listed  in 
the  following  paragraphs  with  inform-' tion  concerning  their  preparation  and 
relative  antigenicity. 

ULB —  acetone  killed  and  v, ashed  cells  broken  up  by  the  sonic 
disintergrator. . ..a  good  antigen. 

SMLV —  acetone  killed  organisms  ground  in  the  mechanical  grinder, 
waste  cells  and  cell  debris  centrifuged  off,  remaining  material  precipitated 
with  ammonium  sulfate;  this  toj^ayer  which  separated  on  standing  was  put  into 
solution  further  by  sonic  treatment .  a  poor  antigen. 

ULLSF3 -  living  virulent  organisms  killed  and  disintergrated  by 

sonic  treatment;  filtered  through  a  Selas  03  filter  until  clear.... a  good 
antigen . 


ULIf>F3-ppt - ULLSF3  which  was  precipitated  at  pH  6.8  with  80$ 

ammonium  sulfate  at  1°  C;  redissolved  in  saline... a  good  antigen. 

ULA-3 —  A virulent  strain  NIH-38  organisms  killed  by  sonic  treat 
ment;  the  extraneous  material  centrifuged  out,  and  the  suspension  dialyzed 
free  of  soluble  low  molecular  weight  substances . a  good  antigen. 

ULF-1.5 -  The  filtrate  of  UIA-3  through  a  1.5$  nitrocellulose 

ultrafilter. .. ,a  poor  antigen. 

ULS-1.5 -  The  residue  from  UiA-3  filtered  through  a  1.5$ 

nitrocellulose  ultrafilter. .. .a  good  antigen. 

The  electrophoretic  properties  of  these  antigens  are  sum.  arieed 
in  the  following  table. 
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Table  LXXII 

Summary  of  All  Electrophoretic  Data 


Sample 

PH 

Mobility  UD  : 

Pi  P2 

x  10  5 

N 

added 

Antigenic 

Properties 

Remarks 

ULB 

6.82 

-1.6 

-1.0 

-15 

— 

Good 

SMLV 

6.82 

-1,8 

- — 

-19 

— 

Poor 

ULLSF3 

6.82 

— 

-0.4 

— 

-5.2 

Good 

ULLSF3ppt 

6.98 

-1.3 

-0.8 

— 

— 

Good 

ULA-3 

7.02 

-1.9 

-0.8 

-13.1 

— 

Good 

Chiefly 

ULA-3 

8.50* 

-3.2 

poorly 

resolved 

-13.0 

— 

Good 

ULF-1.5 

7.02 

-1.7 

— 

-12.5 

— 

Poor5 

Chiefly  px 

ULS-1.5  7.02  -1.9 

*  Mobility  was  greater  at 

-0.6 

the  higher  pH. 

Good 

Chiefly  p 
similar  to 
ULA-3 

There  appear  to  be  three  principal  components,  N,  p-^,  and  p  ,  The 
N  component  is  a  fast  moving  component  with  a  mobility  of  about  -13  £nd 
pH  7.02.  It  is  not  antigenic  as  is  shown  by  the  fact  that  it  is  absent  from 
ULLSF3,  UI3F3-ppt,  and  ULS-1.5  all  of  which  are  good  protective  antigens. 
The  pi  component  is  a  slower  moving  component  with  a  mobility  of  -1.8  at 
pH  7.02.  It  is  present  in  all  samples,  both  good  and  bad,  except  ULGF3, 
which  is  a  good  protective  antigen.  The  third  component,  P2  is  a  slow 
moiling  component  with  a  mobility  of  -0.6  at  pH  7.02.  It  is  present  in  each 
sample  that  showed  protective  properties  and  absent  from  those  which  did  not. 
The  protection  which  SMLV  gave,  may  be  due  to  occluded  p  v.hich  v,as  present 
in  too  small  an  amount  to  be  detected  in  the  electrophoresis  pattern. 

4.  Summary  of  Ultraviolet  Absorption  Studies 

I. 'hen  ultraviolet  absorption  data  on  various  fractions,  were  plotted, 
two  types  of  curves  were  observed.  The  curves  in  Figure  52  are  of  CNAE  and 
ULF-1.5  compared  with  that  of  ribonucleic  acid.  They  are  cuito  similar  and 
except  for  some  masking  at  the  lower  wave  lengths  due  to  impurities  they  tend 
to  fallow  the  curve  of  ribonucleic  acid.  These  are  all  poor  protective 
antigens . 


Good  protective  antigens  compared  in  the  same  manner  .yielded 
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distinct  curves  ad  demonstrated  in  Figure  53.  In  this  figure  three  typical 
antigens,  ULB,  ULLSF3~ppt,  and  ULS-1.5  are  shown.  The  general  shape  of  the 
curve  is  specific  for  the  protective  antigen  from  this  organism.  It  also 
seems  to  be  quantitative,  as  higher  concentrations  of  protective  antigen 
move  the  curve  up  and  slightly  to  the  left.  These  curves  are  similar  to  the 
ultraviolet  absorption  curves  of  a  large  number  of  proteins.  The  ULS-1.5 
curve  in  the  figure  is  an  example  of  this. 

In  summary,  two  types  of  ultraviolet  absorption  curves  are  obtained 
from  fractions  of  "UL"  antigens.  The  curve  for  the  poor  antigenic  fraction 
is  similar  to  that  of  ribonucleic  acid.  The  curve  of  the  protective  antigen 
fractions  is  quite  different  and  may  be  specific  for  the  protective  antigen 
of  this  organism. 

5.  General  Summary 

It  is  possible  to  fractionate  the  material  which  "Uy  yields  upon 
disintegration  into  three  fractions,  N,  a  nonprotective  substance,  seems  to 
be  a  nucleic  acid-carbohydrate  complex.  A  large  amount  of  chemical  data 
has  been  compiled  concerning  this  fraction.  The  other  two  fractions,  p^ 
and  P2,  differ  in  mobilities  and  probably  molecular  size  as  p-^  will  pass  a 

I. 5%  nitrocellulose  membrane  ultrafilter  while  P2  willnot.  The  P2  fraction 
seems  to  be  the  protective  antigen.  It  was  possible  to  differentiate  the 
protective  antigen  and  the  nucleic  acid-carbohydrate  complex  by  ultraviolet 
absorption  data,  by  chemical  analysis,  by  rat  protection  data  and  by  the 
electrophoresis  method.  Production  of  these  fractions  on  a  larger  scale 

is  indicated  to  permit  a  more  exhaustive  study  of  their  chemical  and 
antigenic  properties.  It  has  recently  been  shown  that  monkeys  develop  skin 
hypersensitivity  to  "UL"  following  a  sublethal  infection.  The  use  of  this 
animal  for  studying  the  allergenic  potency  of  various  fractions  will  expedite 
the  accumulation  of  data  since  the  use  of  convalescent  personnel  for  this 
purpose  frequently  leads  to  unpleasant,  hypersensitive  reactions. 

J.  Chemotherapy 

An  effective  therapeutic  agent  for  treatment  of  human  "UL"  infection 
was  not  available  at  the  beginning  of  this  v.ork.  Recognized  treatment  con¬ 
sisted  of  good  nursing  care,  bed  rest  during  the  febrile  stage,  and  symptomatic 
treatment  of  complications.  In  the  average  case  the  febrile  stage  lasted 
two  to  three  weeks,  followed  by  two  to  six  months  of  weakness  and  easy 
fatiguabilitv.  Obviously  a  specific  agent  which  would  cure  the  disease  in 
a  few  days  was  desirable  as  protection  for  laboratory  workers  as  well  as 
for  friendly  troops  in  case  of  an  enemy  attack  with  this  agent. 

A  review  of  the  literature  (80-85)  on  Chemotherapy  of  "UL"  infection 
showed  results  so  conflicting  that  it  was  practically  impossible  to  draw 
any  conclusions  from  the  reports.  Most  reports  dealt  with  a  ff.w  clinical 
cases,  and  usually  several  types  of  therapy  had  been  tried  on  the  same  cases 
with  no  real  controls.  Ransrneier  (86,87,88)  in  a  study  of  the  Chemotherapy 
of  "UL"  infection  in  chick  embryos  could  find  no  beneficial  effect  when 
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using  sulfadiazine.  Steinhaus^10^eported  that  the  lives  of  guinea  pigs 
could  not  bo  saved  by  the  administration  of  a  variety  of  sulfa  drugs.  It 
was  quite  obvious  that  a  careful  laboratory  study  of  the  problem  was "need¬ 
ed,  and  our  research  program  was  planned  to  obtain  sound  experimental  data 
upon  which  a  statistical  evaluation  of  drugs  could  be  made. 

.  , .  *  chemotherapeutic  and  antibiotic  agents  was  tested  for 

nant1V1  k  and  —  The  iS  Zitro  testing  was  done  in 

peptone  broth-  The  inoculum  used  was  1  ml  of  10“2  or  10“3  dilution 
1  T5°°  susPcnsion  in. 10  ml  of  medium.  In  vivo  blood  levels  of  10  to  13 
mgm_/0  of  sulfonamides  were  maintained  in  mice  and  rats  by  feeding  the  drug 

sStSlthG  ch*llenSe*  0ther  dru^s  were  injected  into  animals  at  6 

ui table  intervals.  Dosages  were  determined  by  the  toxicity  of  the  drug 

or  animals  or  from  its  known  therapeutic  level  per  kilo  for  other  diseases 
in  man. 


hi,rni,fh  ?eVfn  sulfonamides,  penicillin,  sulfars phenamine,  neoarsphenamine, 
ismuth  tartrate,  toluidine  blue,  atabrin,  and  eleven  compounds  showing 
Mmn  af  antimalarials  all  proved  to  be  ineffective  in  treating 

UL  infected  mice.  Streptomycin  and  streptothricin  were  the  only  drugs 
tested  which  showed  any  therapeutic  efficiency.  In  mice  the  toxic  dose 
of  streptothricin  was  only  about  double  the  chemo therapeutic  dose  so  further 
s  udies  were  not  carried  out.  Streptomycin  was  very  effective  in  vitro 
and  in  viv£  and  the  toxic  dose  for  mice  was  in  the  neighborhood  oflbrty 
times  the  therapeutic  dose.  Details  of  the  experimental  work  with  ,  N 
streptomycin  in  this  laboratory  have  been  included  in  a  special  report  (89)  . 
Heilemen  and  Foshay(96)  have  carried  out  independent  laboratory  studies* 
with  streptomycin  as  a  chemotheropeutic  agent  for  "UL"  infection  and  their 
results  were  similar  to  those  obtained  at  Camp  Detrick.  Results  of 
laboratory  experiments  were  so  encouraging  that  streptomycin  was  given  a 
clinical  trial  in  human  "UL"  infection  by  FoshaylPcr  com. }  algo  . 

Camp  Detrick.  (Section  F-2  this  Report) 

«In  s^^izing  all  evidence  available  it  appears  that  streptonycin 
m  afc  and  ®ffectlve  specific  antibiotic  for  treating  human  "UL"  infection 
all  the  chemotherapeutic  agents  tested  were  ineffective  or  too  toxic  for 
human  use. 


The  Agglutination  Test  in  "UL" 

.  .  .  a6Slutination  test  has  long  been  recognized  as  a  useful  laboratory 

test  in  the  diagnosis  of  disease,  in  the  recognition  of  previous  contact 
witn  a  specific  disease,  and  as  a  measure  of  immunity  following  either 
natural  infection  or  artificial  immunization,  In  the  case  of  "UL"  infection 
it  has  been  the  only  diagnostic  test  which  could,  be  performed  routinely  in 
the  average  laboratory  with  safety  to  the  workers  involved.  It  was  natural 
therefore,  that  it  should  be  adopted  at  the  outset  of  this  project  as  a 
routine  procedure  for  the  examination  of  the  sera  of  human  personnel  as 
well  as  those  of  experimental  animals. 
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Inasmuch  as  this  procedure  was  to  be  employed  as  one  method  , 
measuring  the  response  to  "UL”  vaccination  in  man  and  experimental  an  ^ 

it  was  essential  that  a  sensitive  and  accurate  test  be  revelop  . 
studies  of  antigens  and  technics  of  setting  up  the  test  were  therefore 

darried  out. 

(1)  Choice  of  Antigen 

The  antigen  employed  routinely  throughout  the  United  States 
in  the  agglutination  test  for  «UL"  is  a  washed  formalized  culture  prepar 
according  to  the  method  of  Francis  (90)  from  a  culture  known  as  Strain  3,^ 
which  was  isolated  by  him  in  Utah  in  1920,  A  culture  of  otram  38  was  re 
ceived  from  the  National  Institute  of  Health,  Bethesda,  dryland  ^indent 
be  subsequently  referred  to  as  NIB-38.  This  strain  is  completely  ayirulen 
and  an  antigen  may  therefore  bo  prepared  from  it  without  danger  o 
worker. 

In  order  to  ascertain  whether  or  not  strain  NIH-38  was  the 
most  satisfactory  for  use  as  an  antigen  in  the  performance  of  the  agglutination 
test  a  comparative  study  of  antigens  were  made.  The  following  antigens 
were  employed. 


F0  J8 
MF 

C  &  S 


prepared  by  Foshay  from  strain  38 
prepared  by  Foshay  from  strains  C  and  S 
prepared  at  Camp  Dctrick  ffom  Strain  NIH-38 
prepared  at  Camp  Detrick  from  strains  C  and  S 


All  antigens  were  made  according  to  NIH  specifications  from  cultures  grown 
on  solid  media,  killed  with  formalin,  washed  and  resuspended  in  formalize, 
saline^  ?hes«'antigons  tested.  a6,inst  22  tou  convaie  cert 

or  vaccinated  persons  and  the  results  are  shown  in  Table  Dali?..  In  ^ 
instances  both  NIH-38  and  FO-38  gave  higher  titers  than  the  mixad  antigens. 

In  3  instances  FO-38  was  greater  than  NIH-38.  In  2  instances  all  ( 
antigens  gave  the  same  results  and  in  1  instance  all  antigens  except  MF 
were  the  same.  In  three  cases  only,  C&S  yielded  the  highest  resuljp.  ° 
the  basis  of  these  findings  strain  NIH-38  was  chosop  as  the  most  satisfac  y 
antigen.  It  was  somewhat  more  sensitive  than  the  antigens  prepare^  from 
virulent  gultures  and  had  the  added  advantage  of  being  safe  to  hanc.le. 


(2)  Technic  of  the  Agglutination  Test 

The  first  method  employed  for  the  performance  of  the 
agglutination  test  was  thv.  standard  routine  method  with  incubation  at 
56°c  for  2  hours  followed  b^  overnight  storage  in  the  ice-box  at  A°C. 
However,  in  view  of  the  largo  number  of  agglutination  tests  to  be  performed 
simplicity  and  speed  were  the  prime  requisites  ftX  a  satis!  ctory  test. 
Accordingly  the  method  of  Nagle  et  al  ?9l)  was  adopted  with  the  following 
modifications:  Serial  dilutions  (l/lO  through  1/2560)  of  serum in 0.2 
ml  amounts  were  placed  in  a  series  of  nine  tubes.  To  each  of  these  tubes 
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was  added  0.2  ml  of  NIH-38  antigen  diluted  to  give  a  transmission  of  30 
on  the  Coleman  Spectrophotometer.  The  tests  were  placed. in  a  Kahn  shaker 
for  5  minutes  and  then  read.  It  was  found  that  5  hours  incubation  t  37  C 
following  shaking,  as  recommended  by  Nagle,  did  not  materially  alter  the 
readings  obtained  after  shaking  alone,  final  readings  wore  therefore  made 
after  5  minutes  of  shaking.  These  were  made  with  the  aid  of  a  mirror  and 
were  recorded  as  4  /  (complete  agglutination),  3  /  (75$  agglutination),  2f 
(50$  agglutination),  1  /  (25$  agglutination)  and  -  (no  agglutination).  Th 
titer  reported  was  the  highest  dilution  showing  1  /  or  more  agglutination. 

This  method  was  employed  for  approximately  6  months  and  proved 
very  satisfactory  for  human,  rat,  and  rabbit  sera  but  in#onfl*steh^  ** 
and  irregular  findings  with  mouse  serum  led  to  its  review. 


-io 


a. 


The  Agglutination  Test  for  »UL"  as  Applied  to  Mouse  Serum 


When  agglutination  tests  for  "UL"  ve-e  set  up  using  serum 
from  vaccinated  mice,  very  low  titers  were  obtained  regaroless  of  the  resu  s 
which  might  have  been  expected  from  the  previous  treatment. of  the  mice. 

Normal  mouse  serum  controls  were  found  to  give  false  positive  results  in 
relatively  high  dilutions. 

It  was  thought  that  uhe  pH  of  the  saline  employed  in. the  test 
(6.5)  might  be  responsible  for  the  occurrence  cf  false  positives  with  mouse 
serum.  Therefore  various  samples  of  saline  were  adjusted  with  N/5  NaOH 
and  N/5  HC1  to  give  the  following  pHa values:  6.0,  6.4,  6.8,  7.2,  7.6,  and  8.U. 

Blood  was  obtained  from  six  normal  mice  representing  two 
strains,  3  Bagg  and  3  Pleasant  Valley.  The  blood,  of  the  3  Bagg  mice  wao 
pooled.  That  of  2  of  the  Pleasant  Valley  mice  was  pooled,  while  that  of  the 
3rd  Pleasant  Valley  mouse  was  used  separately,  ^igglutination  tests  were, 
set  up  in  duplicate  in  serum  dilutions  from  1/10  throughl/2560  using  saline 
at  each  of  the  previously  adjusted  pH  values.  One  set  of  tests  was  shaken 
for  5  minutes  and  read.  At  pH  values  of  6.0  through  7.6  scattered  false 
positives  were  found  to  oocur  in  all  dilutions.  The  other  set  of  tests  was 
incubated  for  1  hour  at  56°C  and  read  and  then  placed  at  4°C  overnight  and 
reread.  After  incubation  at  56V'C  scattered  false  positives  were  found,  in 
pH  values  of  6.0  through  7.2  and;  after  ice-box  treatment  one  plus-minus 
value  was  found  in  one  1/10  dilution  at  pH  7.6. 


This  experiment  indicated  that  false  positives  might  be  ex¬ 
pected  to  occur  when  the  saline  employee’  in  the  test  had  a  lower  pH  than 
7.6.  It  also  indicated  that  shaking  mouse  serum  might  give  false  results. 

Further  tests  were  then  set  up  using:  the  sera  (not  pooled) 
from  11  normal  mice  and  11  vaccinated  mice.  The  saline  used,  had  a  pH  value 
of  7.6  and  the  tests  were  incubated  at  56°C  and  then  placed  '  t  4  C  overnight. 
The  normal  mice  were  negative  threugheut  while  the  vaccin  te ’  mice  showed 
positive  titers  at  1/20  and  1/40.  The  Latter  however  were  net  stable  until 
after  sitting  overnight  in  the  ice-box.  Immediately  following  incubation 
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Table  LMMIII 

Comparison  of  "UL"  Agglutination  Antigens 


i.o .  of  Antigen 
Serum 

1 

1 

1 

1 

Serum 

Dilutions 

1 

1 

1 

20 

*  40 

IT 

160 

320" 

540 

1280 

25^0 

A  FO  36 

_ 

- 

- 

- 

- 

- 

- 

- 

MF 

• 

- 

- 

- 

- 

- 

- 

— 

B  FO  38 

4  * 

4 

4 

4 

3 

1 

- 

MF 

4 

- 

- 

- 

- 

- 

- 

- 

C  FO  36 

4 

4 

4 

4 

3 

1 

- 

<■> 

MF 

3 

3 

3 

1 

- 

- 

— 

B  FO  36 

4 

4 

4 

4 

2 

1 

- 

MF 

4 

4 

2 

- 

- 

- 

- 

- 

t?i 

0 

LaJ 

CO 

4 

4 

4 

3 

1 

- 

- 

- 

MF 

4 

3 

2 

l 

- 

- 

- 

- 

F  FO  3c 

4 

4 

4 

4 

4 

4 

2 

1 

MF 

4 

4 

4 

4 

1 

- 

- 

m 

G  FC  38 

4 

4 

2 

1 

- 

- 

- 

tm 

MF 

3 

2 

1 

- 

- 

- 

- 

- 

II  FO  38 

l 

1 

- 

- 

- 

- 

- 

- 

MF 

- 

- 

- 

- 

mm 

- 

- 

• 

J  FO  3b 

4 

4 

4 

4 

4 

4 

1 

- 

MF 

4 

4 

4 

3 

1 

- 

- 

“ 

K  FO  3c 

4 

4 

4 

4 

2 

1 

- 

- 

MF 

4 

3 

2 

1 

1 

- 

• 

- 

12B  FC  38 

4 

4 

2 

1 

1 

- 

- 

** 

i.III 

4 

4 

2 

1 

- 

- 

- 

• 

MF 

3 

4 

l 

1 

- 

- 

- 

— 

Cob 

4 

4 

3 

2 

- 

- 

— 

*■ 

27A  FC  38 

3 

2 

1 

1 

- 

- 

— 

i;iH  36 

1 

1 

1 

1 

- 

— 

"" 

MF 

3 

2 

1 

1 

- 

— 

— 

C  oS 

3 

3 

2 

1 

• 

- 

— 

12A  FO  38, 

4 

4 

2 

1 

- 

- 

i:ih  3^ 

4 

4 

l 

- 

- 
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•• 

MF 

2 

1 

- 

- 

- 

— 

* 

CdS 

4 

4 

l 

- 

- 

- 

• 

-0 

0 

LaJ 

C 

3 

1 

1 

- 

- 

- 

— 

• 

i'.IH  3^ 

3 

3 

l 

- 

— 

* 

~ 

MF 

3 

3 

1 

- 

- 

— 

* 

Coo 

4 

4 

3 

1 

- 

— 

•* 

23A  FC  38 

4 

4 

4 

4 

1 

1 

• 

i  IH  3^ 

3 

4 

4 

2 

1 

MF 

3 
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Ho. 

of  Antigen 

1 

Serum 

20 

21A 

FO  36 

4 

l.IH  35 

4 

MF 

1 

COS 

4 

1A 

FC  38 

4 

i  IH  38 

4 

MF 

2 

4A 

FO  3w 

4 

l.IH  38 

3 

MF 

l 

**  ••  • 

Cc.S 

Lot 

27C 

FO  38 

2 

l.IH 

1 

MF 

1 

c&s 

4 

28c 

FO30 

1 

l.IH  3C 

2 

MF 

2 

C6.S 

4 

29 

FO  38 

4 

1,111  30 

4 

MF 

3 

COS 

4 

30 

FO  38 

4 

l.IH  30 

4 

MF 

3 

COS 

4 

Sera  B,  C,  D,  and 
vaccinated  persons. 


Table  LaaIII  (cont'd) 

Comparison  of  MUL"  Agglutination  Antigens 


Serum  Dilutions 

1 

1 

ISC' 

_1_ 

1 

1 

1 

40 

80 

320 

<j41T 

1280 

25W 

3 

2 

1 

’ 

3 

p 

1 

- 

- 

- 

•- 

X 

4 

p  . 

1 

4 

4 

4 

4 

2 

1 

4 

4 

4 

3 

2 

1 

3 

P 

1 

• 

4 

i 

- 

- 

3 

2 

2 

— 

_ 

_ 

l 

- 

- 

— 

_ 

tested 

2 

1 

_ 

_ 

■ 

1 

1 

- 

- 

- 

- 

*•* 

1 

- 

- 

- 

• 

3 

3 

3 

1 

l 

1 

• 

• 

mm 

2 

1 

- 

- 

- 

- 

— 

1 

- 

- 

- 

4 

3 

3 

1 

* 

4 

2 

2 

l 

_ 

4 

2 

1 

1 

— 

* 

2 

1 

- 

- 

4 

3 

2 

- 

* 

4 

l 

1 

l 

• 

m , 

4 

2 

1 

l 

3 

1 

1 

- 

• 

_ 

4 

r?  _ 

1 

1 

— 

- 

- 

E  are  from  convalscents ;  all  others  are  from 
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at  56°C  the  agglutination  was  strongly  positive  but  was  dispersed  easily 
when  shaken,  and  disappeared  completely  when  allowu  to  sit  for  one  hour 
room  tonperature.  Following  the  ice-box  treatment  the  agglutination  re 
appeared  and  was  more  stable. 

As  a  result  of  the  inconsistency  of  the  positive 
in  this  experiment  these  same  sera  were  retested  with  incubation  a  37  C 
instead  of  56°C  and,  because  of  the  lew  titers  obtained,  with  dilutions  ol 
1/2  through  1/512  instead  of  from  1/10  through  1/2560.  The  serum  from  the 
same  series  of  11  vaccinate  -dee  and  one  control  when  tested  in  this  mm  r 

at  37°C  showed  positive  titers  as  high  as  1/64  anu  1/128  in 
1  was  completely  negative  as  was  also  the  negative  control.  In  every  positlv 
serom  the  titer  was  higher  than  that  obtained  by  incubation  at  56  0.  No 
false  positives  were  observed.  See  Table  LXXIV.  In  some  instances  readings 
were  increased  by  being  placed  overnight  at  **.  Jff1"  £  ™ 

from  17  vaccinated  mice  ana  17  normal  mice  were  tested  at  37  . 

preliminary  readings  were  made  at  the  end  of  two  hours  incubation  and  the 
tests  wore  then  replaced  in  the  37  C  water  bath  for  IB  more  hours.  All  17 
of  the  sera  from  the  vaccinated  mice  yielded  positive  titers  after  2  hours 
while  those  from  the  17  normal  mice  were  negative.  After  a  total  cf  20  hours 
all  the  positive  titers  had  increased  in  strength,  six  readings  had  increased 
in  titer  by  one  dilution  and  three  by  two  dilutions.  After^  more  hour 
incubation  at  37°C  there  was  a  noticeable  decline  m  titer  indicating  t 
total  of  20  hours  incubation  gave  maximum  titers.  The  sera  from  normal 
mice  remained  negative.  These  findings  have  been  borne  out  by  subsequent 
tests  carried  cut  on  60  samples  cf  mouse  serum. 

Table  LXXV  shows  the  results  obtained  on  9A  samples  of  mouse 
scrum  by  the  above  method . 

Table  IXXV 


Comparison  of  Titers  Obtained  by  Heading  after  2  Hours  Incubation  at  37  C  with 
those  Obtained  by  Beading  after  20  Hours  Incubation  on  Sera  from  94  dice 


No.  Negative  Tests: 

No.  Tests  Showing  (l)  No  increase: 

(2)  Increase  of  1  dilution 

(3)  Increase  of  2  or  more  dilutions 
Increase  in  Strength  of  Readings: 

Totals:  Tests  Showing  Identical  Readings: 


18 

35 

18 

23 

100* 

53(35  Positive) 
(18  Negative) 


Tests  Showing  Increase: 
Total  No.  Tests  Performed: 


In  further  experiments  agglutination  tests  were  run  on  160  vaccintec  and 
challenged  mice  and  consistent  results  were  obtained  throughout  by  means 

this  method. 


of 
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These  findings  suggested  that  the  mouse  "UL"  agglutinin 
antibody  contains  a  heat  labile  fraction  which  is  at  least  partially  destroyed 
at  56°C  and  is  more  stable  at  37°C;  or  it  may  be  interpreted  to  mean  that 
the  whole  antigen-antibody  complex  is  unstable  at  56°C.  This  is  in  keeping 
with  the  findings  of  Heidelberger  that  heat  inactivation  may  damage  antibody 
in  weak  human  antiser^. (9^)  43  has  been  pointed  out  mice  always  yield 
relatively  low  titers  and  consequently  agglutination  tests  on  mouse  antisera 
might  be  expected  to  be  adversely  affected  by  incubation  at  56  C. 

bi  The, .Agglutination  Tost  for  "UL"  as  Applied  to  the  Sera .of 
Han,  Monkey >  Rat,  and  babbit 

In  view  of  the  above  findings  with  mouse  serum,  the  test  V.as 
investigated  in  its  application  to  the  sera  of  man,  monkeys,  rats,  and  rabbits. 

In  the  oa.se  of  rats,  sera  from  24  vaccinated  rats  were  set  up 
in  triplicate.  One  sot.  was  shaken  for  fi\e  minutes,  read,  incubated  overnight 
in  the  ice-box  at  4°C,  and  reread.  The  othei  two  were  incubated  for  two 
hours  at  37°C  and  at  56°C  respectively,  read,  placed  at  4°C  and  reread.  The 
results  showed  that  incubation  at  37  C  gave  lower  titers  than  either  shaking 
or  incubation  at  56°C  even  after  each  of  those  procedures  was  followed  by 
treatment  overnight  in  the  icebox.  Incubation  in  the  icebox  was  also  found 
to  increase  the  titer  over  preliminary  readings  regardless  of  the  procedure 
followed.  Since  there  was  very  little  difference,  if  any,  between  the  final 
titers  obtained  when  the  preliminary  treatment  consisted  of  either  shaking 
or  incubation  at  56 °C }  the  shaking  method  was  adopted  for  future  use  because 
of  the  simplicity  and  speed  of  execution. 

The  results  of  a  similar  comparison  of  methods  as  applied  to 
human  serum  are  shown  in  Table  LXXVI.  A  series  of  29  sera  from  ncn-vaccinated 
and  non-exposed  human  personnel  was  tested  in  triplicate  by  the  same  methods. 
It  may  be  seen  that  in  contrast  to  the  results  with  rat  sera  incubation  at 
56°C  gave  the  poorest  results.  In  5  instances  completely  negative  results 
were  obtained  at  56°C  whereas  shaking  and  incubation  at  37°C  each  yielded 
positive  titers.  In  the  majority  of  instances  shaking  for  5  minutes  gave 
higher  titers  than  did  incubation  at  either  37°  or  56°C.  This  was  again  in 
accord  with  Heidelberger 's  findings  that  heat  may  partially  destroy  the 
antigen-antibody  complex.  (92,93,94)  No  false  positives  were  obtained  by 
an^  of  the  methods.  The  shaking  method  again  appeared  to  be  the  method 

of  choice. 


4  comparison  was  then  mace  of  titers  obtained  by  reading 
inmeadiately  following  shaking  for  5  minutes  with  those  made  after  subsequent 
overnight  storage  in  the  icebox.  This  was  carried  out  on  the  serum  of  man, 
monkeys,  rats,  and  rabbi. ts  and  the  results  may  be  seen  in  Table  LXXVII. 

The  occurrence  of  (l)  higher  titers,  (2)  stronger  readings, 

(3)  a  shift  from  a  final  reading  of  /  to  1  /  and  (4)  positive  findings 
in  some  instance  where  preliminary  readings  had  been  negative  in  icatem 
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Table  L3QCVI 

«/*  •  «  .ik 

Comparison  of  Methods  for  Performing  the  Agglutination  Test 

on  Human  Sera 

5  Minutes  Shaking  37°  Incubation  2  hrs  56°  Incubation  2 


Reading  Reading  hrs  heading 


Serum 

# 

Immediate 

Over  night 

Immediate 

Overnight  Immediate  C-nite 

1* 

1/80 

1/160 

1/160  '  ’ 

1/320 

1/160 

1/160 

2 

1/20 

1/20 

1/10 

1/10 

1/20 

1/10 

3 

1/40 

1/80 

1/40 

1/40 

1/40 

1/40 

4 

1/320 

1/640 

1/640 

1/640 

1/640 

1/320 

5 

1/640 

1/640 

1/320 

1/640 

1/160 

1/320 

6 

1/160 

1/320 

1/160 

1/320 

1/160 

1/160 

7 

3/160'. 

1/1230 

1/320 

1/640 

1/320 

2/80 

1/640 

8 

1/160 

1/920 

l/loO 

1/320 

1/160 

1/160 

9 

1/60 

1/160 

1/160 

1/80 

1/80 

10 

1/10 

It*  2u 

1/10 

1/20 

- 

1/10 

11 

1/160 

1/320 

I/I60 

2/I6O 

1/40 

1/80 

12 

1/320 

1/640 

2/320 

1/640 

1/320 

1/320 

13 

1/20 

1/20 

1/80 

1/40 

1/40 

- 

— 

14 

l/loO 

1/40 

1/40 

1/10 

1/10 

1/32° 

1/640 

1/320 

2/I6O 

l/l60 

1/dO 

16 

1/cO 

1/160 

2/160 

1/32C 

l/80 

1/80 

17 

1/320 

1/1260 

1/640 

1/1260 

1/640 

1/640 

15 

3/40 

1/60 

1/60 

1/80 

1/40 

1/40 

19 

1/40 

1/20 

1/20 

1/10 

- 

1/10 

20 

1/320 

1/320 

1/320 

1/320 

l/60 

1/160 

21 

1/320 

1/320 

l/loO 

1/160 

1/80 

1/160 

22 

1/320 

1/640 

1/320 

1/160 

1/320 

1/160 

23 

1/20 

1/40 

1/20 

1/20 

1/10 

1/20 

24 

1/20 

1/20 

1/10 

1/10 

1/10 

1/10 

2? 

2/20 

1/40 

2/20 

1/20 

- 

- 

26 

1/20 

1/40 

1/20 

1/10 

- 

— 

27 

- 

1/10 

- 

- 

- 

- 

28 

1/20 

1/40 

1/20 

1/20 

- 

- 

29 

2/40 _ 

3/S0 

1/S0 

1/160 

1/20 

1-40 

30** 

- 

- 

- 

- 

- 

31 

- 

- 

- 

- 

- 

- 

32 

- 

- 

- 

- 

- 

- 

33 

- 

- 

- 

- 

- 

- 

34 

- 

•• 

- 

- 

- 

• 

35 

- 

- 

- 

- 

- 

- 

36 

- 

- 

- 

- 

- 

- 

*  Sera  1-29  from  vaccinated  or  convalscent  human  personnel 
**  Sera  30~36  from  non- vaccina  ted,  non-exposcd  human  personnel 
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that  placing  the  tests  overnight  in  the  icebox  and  reading  them  following 
this  treatment  gave  both  a  more  specific  and  a  more  sensitive  test. 

c.  Summary 

On  the  basis  of  the  experimental  results  reported  the  following 
recommendations  are  made  for  the  performance  of  the  agglutination  test 
for  "UL". 


1.  The  most  satisfactory  antigen  for  routine  agglutination 
tests  for  "UL"  is  a  fcmalized  saline  suspension  of  washed,  whole  organisms 
made  from  strain  IJIH-38. 

2.  Thu  agglutination  test  witn  mouse  serum  will  give  the  most 
satisfactory  results  vher  ir.)  the  pd  of  the  saline  employed  is  adjusted  to 
not  lower  than  7.6;  and  (b)  the  tests  are  incubated  at  a  temperature  of 
37°C  for  a  maximum  of  20  hours, 

3.  The  agglutination  test  with  the  serum  of  man,  monkeys, 
rats,  and  rabbits  is  most  satisfactory  when  the  tests  are  shaken  for  5 
minutes  and  incubated  overnight  in  the  ice  box  oofore  final  readings  are 
made.  It  was  not  necessary  to  adjust  the  pH  of  the  saline  with  these  sera. 

L.  Study  of  Strain  Differences  by  Serological  Methods 

The  object  of  this  experiment  was  to  determine  whether  there  were 
antigenic  differences  in  strains  of  "UL"  from  various  sources  and.  in  strains 
of  varying  virulence. 

Previous  work  by  Downs and  Foshay^^.  haci  shewn  that  agglutinin 
absorption  tests  did  not  reveal  any  strain  differences.  Nevertheless  a 
part  ef  this  work  was  repeated  using  a  different  type  of  antigen  for  the 
production  of  serum.  An  attempt  was  made  to  determine  whether  there  was  any 
correlation  between  antigenic  differences  as  revealed  by  the  agglutinin 
absorption  test  and  the  virulence  of  the  strains  in  terms  of  mouse  LD^q. 

The  "US"  titers  were  also  determined  for  the  various  serums  used.  In  a 
few  experiments  high  titered  human  serum  from  recovered  cases  was  used  on 
the  theory  that  such  serum  might  contain  antibodies  developed  by  contact 
with  whole  living  antigen  which  would  not  be  present  in  the  rabbit  serum 
prepared  by  the  injection  of  killed  antigens. 

Methods 


Rabbit  antiserum  was  prepared  by  the  injection  of  acetone 
extracted  vaccines  intravenously  in  3  doses,  0.5  ml  per  dose  every  other 
day.  The  absorbing  antigens  were  heavy  suspensions  (T2500  turbidity)  of 
acid  killed  cultures,  washed  and  resuspended  in  0.1%  formalized  saline, 

The  agglutinating  antigens  were  the  same  but  were  diluted  to  T500  turbidity. 

After  preliminary  titr  ticn  with  the  antigens  tc  be  used  for 
absorption,  the  absorption  test  was  set  up  with  the  serum  diluted  to  a  point  3 
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Comparison  of  Titers  Obtained  by  Ueadinf  Isanediately  Follori ng  dhakin£  for  5  Vinutes  with  those 

after  oubsequent  (.v^rni^ht  Storage  in  Ice  Box  at  U°  C 
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to  four  dilutions  below  the  filial  definite  positive  agglutination,  as  for 
instance  a  serum  giving  2  plus  agglutination  at  a  dilution  of  1:5120  was 
diluted  to  1:320.  This  diluted  serum  was  added  to  an  ecual  volume  of  heavy 
suspension  of  anti^  en  allowed  to  stand  in  the  ice-box  overnight  and  the 
supernatant  separated  by  centrifugation,.  When  the  supernatant  from  such  an 
absorbed  serum  was  set  up  against  the  antigen  for  agglutination  tests  it 
would  have  a  final  dilution  of  1:1280  and  should  give  a  good  agglutination 
if  absorption  were  incomplete.  The  sources  of  the  organisms  used  and  the 
mouse  LD^q  for  each  strain  are  listed  in  Table  pOCVIII. 

Results 


Preliminary  agglutination  tests  did  not  reveal  any  strain 
differences  which  were  consistent.  In  other  words  antiserum  prepared  by  the 
injection  of  the  low  virulent  Jap  strain  agglutinated  all  the  other  strains 
used  to  titer.  Conversely  a  serum  prepared  by  the  injection  of  the  virulent 
SM  culture  agglutin  ted  all  other  strain  equally.  No  significant  heterophile 
titers  were  obtained  either  before  or  after  immunization. 

Absorption  tests  using  eight  antiserums  absorbed  by  seven 
antigens  and  set  up  after  absorption  against  the  same  seven  antigens  showed 
no  strain  differences*  Absorption  of  agglutinins  was  complete  in  every  case, 
whereas  control  sera  dilutee  an  equal  amount  but  not  absorbed,  agglutinated 
the  respective  organisms  to  titer  showing,  that  the  lack  of  agglutination  was 
not  caused  by  a  drop  in  titer  from  standing  overnight  in  a  diluted  state. 

Agglutination  tests  using  a  small  series  of  high  titered 
human  and  rabbit  serums  were  done  to  see  how  much  cross  agglutination  with 
"US"  was  present.  Table  LXXIX  shev.s  the  results  of  these  tests. 

Ten  out  of  twelve  human  sera  contained  a  significant  "US" 
titer.  Eighteen  out  of  eighteen  sera  from  rabbits  immunized  with  eleven 
different  strains  of  "UL"  all  developed  agglutinins  for  "US".  In  summarizing, 
no  antigenic  strain  differences  were  demonstrated  by  the  agglutinin  absorption 
tenhnic  using  sera  and  antigens  prepared  from  8  strains  of  varying  virulence 
isolated  in  various  regions  of  the  world.  Eighteen  different  strains  used 
as  antigens  in  rabbits  all  stimulated  production  cf  "US"  agglutinins. 

IV-DISCUSSIOU 

The  investigati  as  reported  herein  ve  .overtaken  to  obtain 
supplementary  information  about  "UL"  which  migh  '-dp  to  determine  its  status 
as  a  potential  BV  agent.  In  the  following  p ufCv.vn.V’'-  the  suitability  of  "UL" 
as  a  BU  agent  is  reviewed  taking  into  account  bn*  da:  •  which  has  been 
accumulated  at  Camp  Detrick,  at  the  University  -i  end  at  Cincinnati. 

h.  Production 

Mass  production  ■  i  "UL"  is  possible  .%  -  ;*.j-  ralory  scale  in 

Snyder's  peptone  broth  mr1  Avi,  Foshay's  ae-Ia.-in  .v v. i.edium  or  in 
embryonated  eggs.  Yields  of  5  x  10 ;  or  .noi „  ..v  '•  a ■  ••  ■> '  with  ease  in  all 
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Table  LMMVIII 

Source  of  Strains  Used  for  Production  of  Agglutinating 
Serum  and  as  Absorbing  Antigens 


Antigen  Used  for 


Strain 

Source 

Mouse  LD^n 

Preoarat: 

Lonjof  Antiserum 

I  nee 

Human 

Downs-kov.  1944 

10-9/ 

Acetone 

Extracted 

SL 

Foshay 

10-9/ 

n 

1! 

Camp 

ti 

10-9/ 

11 

ti 

Dieck 

11 

10-9/ 

n 

11 

Pier 

Human- 193d 

10"! (Deaths 
irregular) 

it 

11 

26 

Human- 1921  Utah 

io-i/ 

ti 

11 

HD 

Human  Eye 

193 j-Austria 

10-4/ 

n 

n 

Max 

Russian-193^ 

10-1/ 

11 

11 

Russ 

Russian-192o 

10'2 

11 

11 

Jap 

Human- 1926 
Japanese 

10-6.5 

tl 

11  . 

Scherm 

Foshay-1944 

10-9/ 

11 

11 

3d 

Francis 

Ho  Virulenc* 

ir 

ti 

Chara 

Jap an- 193- 

IQ-1/ 

1 

11 
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Table  LaXIX 

*'US"  and  "UL"  Titers  Antisera  Obtained  from  Vaccinated  Rabbits 
or  from  Convalscent  or  Vaccinated  Personnel 


Human 

Antiserum 

1 

"UL" 

"US" 

Rabbit  Antiserum 
*=Antipen  Used  /  "UL"  - 

"US" 

1210 

80 

1°  Jap 

5120 

160 

2 

5120 

20 

2 00 Jap 

2560 

20 

3 

64C 

40 

1  Ince 

2560 

160 

4 

5120 

10 

2  Ince 

5120 

320 

5 

640 

- 

1  lid 

2560 

40 

6 

2560 

- 

2  HD 

2560 

10 

7 

640 

160 

1  Russ 

1280 

160 

8 

2560 

8c 

2  Russ 

2560 

40 

9 

1260 

40 

1  Lax 

2760 

60 

10 

5120 

20 

1  26 

12C0 

80 

n 

12c0 

10 

2  26 

12c0 

60 

12 

2560 

20 

1  Pier 

10,240 

320 

2  F  ier 

2560 

160 

1  Camp 

5120 

160 

1  Dieek 

10,240 

160 

1  Scu<-ri.. 

;120 

320 

2  Sc 

32C 

160 

1  s . 

TI20 

160 

o  #1  Sera 

from  4  ralbi' 

j:  ooled  9  days 

'.ns  tion. 

oo  jt2  Sera  from  4  rally 
/  Strain  used  for  i  r* 

r  pooled  20-  ]  .  • 

..  nraiion  o.V  a •:  0  ..une  •.  ' 

1  e  'w.C  -lie 

;o  a  c'  .ti 

t  i  on 

ge  1  used 

immunize  rabbits. 
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of  these  culture  Media.  The  choice  of  media  for  large  scale  production  de¬ 
pends  somewhat  on  how  the  finished  material  is  to  be  used.  Most  work  has  been 
done  with  the  simple  peptone  medium  and  details  of  preparation  and  optimum 
conditions  for  growth  have  been  defined  by  the  A  Division  workers.  This 
medium  as  presently  defined  (Final  Report,  A  Division)  could  be  easily 
adapted  to  pilot  plant  production-  of  "UL".  The  requirements  of  aeration,  size 
of  inoculum,  and  incubation  temperature  are  all  easily  obtainable  with  pres¬ 
ent  pilot  plant  facilities.  As  pointed  out  by  Lt.  Snyder'  '  a  cheaper  source 
of  nitrogen  than  Bacto  peptonejls  desirables.  Separation  and  concentration 
of  organisms  from  peptone  broth. has  been  accomplished  on  a  large  laboratory 
scale  by  the  A  Division  workers'1'3'  and  needs  only  to  be  adapted  to  pilot 
plant  equipment.  Seventy  to  one  concentration  of  the  organisms  in  broth  has 
been  accomplished'1®'. 

Equally  good  growth  has  been  obtained  in  foshay's  gelatin  hydro¬ 
lysate  medium  but  it  is  not  recommended  for  large  scale  plant  use  because 
procurement  of  sufficient  gelatin  and  red  blood  sell  extract  might  prove  to 
be  difficult  and  expensive.  Foshay  has  recently  substituted  an  acid 
hydrolysate  of  soy  bean  meal  for  the  gelatin  hydrolysate,  he  reports  that 
growth  in  this  new  medium  is  as  good  or  better  than  in  the  gelatin  medium. 

The  saving  in  expense  would  be  considerable  and  it  is  understood  that  the 
supply  of  soy  bean  meal  is  ample  for  production  requirements.  Another  objection 
to  the  use  of  the  roshay  medium  was  raised  on  purely  theoretical  grounds  by 
the  &afaty  Division  and  by  the  plant  engineers  at  Camp  Detrick.  The  medium 
contains  0.5  par  cent  glycerine  and  it  was  postulated  that  it  might  cause 
seepage  through  fittings,  valves,  and  connections  in  the  reactor  tanks 
thus  exposing  plant  personnel  to  constant  danger  of  infection.  It  is  not 
known  whether  this  problem  was  ever  resolved  or  whether  the  plant  personnel 
carried  out  any  experimental  studies.  One  additional  advantage  of  the 
peptone  mediurmwas  that  of  "UL"  would  grow  in  this  medium  in  the  presence 
of  tank  steel' 11 '  whereas  Foshay* s  medium  in  tank  steel  developed  a  heavy 
sludge  and  growth  of"UL"  was  somewhat  retarded. 

"UL"  yields  in  whole  minced  embryonated  eggs  make  this  medium  a 
definite  possibility  for  mass  production.  The  embryos  should  be  alive  at  the 
time  of  inoculation  but  death  of  the  embryos  from  trauma  at  the  time  of 
injection  does  not  diminish  multiplication  of  "UL".  Yolk  sac  .inoculation 
gives  maximum  yields.  These  factors  would  be  advaro:  g.;ous  in  large  scale 
production  since  yolk  sac  injection  is  perhaps  the  .mi. lest  method  of 
inoculating  eggs  and  if  the  embryos  were  accidents!  ..y  pierced  and  killed 
during  injection  no  diminution  of  "UL"  growtri  v. .....  .  -  .uo.  Growth  of  15  "UL" 

strains  in  embryonated  eggs  has  been  studied  d".  «.-?  size  of  inoculum, 

age  of  embryos,  incubation  p.."iod,  time  of  h.  t...: .  ,  ano  conditions  of 
storage  have  been  determin-t’.  If  a  suitao!  c  mu:;,  mm  ‘*r  a/ailablc  sufficient 
laboratory  data  is  now  c.r  hand  to  p- rmit  *»  ]  •*.?  \  \  •  .dweller,  c.f  "UL"  in 

eggs. 

One  of  the  uiry  aims  of  t.N  r;  s  -r.  media  was  the 

development  of  a  teciT.v  -ad  medium  by  /■•••  .rs  r  ’  '-r  o'.'  ‘nab  e 

organisms  could  be  eet'M.a  a  grant ito t.cv e i •  ini';  :  ccc:  p..i s..cd  by 

moans  of  surface  strea'oJ  pi'.-Ceo  c?  hex  iv.mc  cystcr  .....  oar  (DC'S..,)  using 
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serial  dilutions  of  the  bacterial  suspension  to  be  counted.  Colony  counts 
were  made  after  incubation  and  the  number  of  organisms  per  ml  of  the  original 
suspension  were  calculated.  This  method  has  been  extensively  employed  in  all 
phases  of  the  studies  at  Camp  Detrick  and  at  Kansas  and  has  added  much  to  the 
volume  and  accuracy  of  the  work.  The  results  of  many  titrations  have  shown 
that  one  organism  as  determined  by  DCBA  plate  count  is  equivalent  to  one 
infections  unit  as  determined  by  a  mouse  MD  titration.  Lt.  Snyder  of  the 
A  Division  has  applied  this  streaking  technic  and  shown  that  plate  counts  can 
also  be  made .on  a  Bacto  peptone  agar  containing  0.1  per  cent  cysteine  with¬ 
out  blood^',  This  medium  hat.  been  used  satisfactorily  for  colony  counts 
in  most  of  the  A  Division  "UL"  studies.  A  comparative  statistical  analysis 
of  the  two  plate  count  media  wa  carried  cut  by  Lt.  Snyder  (^)  and  the  follow¬ 
ing  tentative  conclusions  were  made.  The  peptone  agar  was  simpler  to  prepare 
and  could  be  used  immediately  after  preparation.  However  plates  could  not  be 
stored  and  used  a  later  time.  DCBA  was  more  complicated  to  prepare  and  re¬ 
quired  incubation  overnight  before  use.  DCBA  could  be  stored  in  the  icebox 
for '.a  least  two  weeks  without  loss  of  growth  promoting  properties.  DCBA  was 
slightly  more  accurate  and  gave  slightly  higher  counts  than  the  peptone  agar 
plates  although  these  differences  were  not  great.  Ve  have  observed  that 
colony  growth  is  mere  rapid  on  the  DCBA  plates. 

Determination  of  ''UL"  growth  curves  in  Snyder's  peptone  broth  by 
means  of  DCBA  plate  counts  of  viable  cells,  mouse  ID™  titrations  of  infectious 
units,  and  turbidity  measurements  on  the  Coleman  Spectrophotometer  showed  a 
very  close  correlation.  In  terms  of  plant  production  this  means  that  the 
stage  of  growth  in  the  reactor  tanks  and  the  time  for  harvest  could  be 
determined  quickly  and  with  relative  safety  by  means  of  simple  turbidinetric 
measurements. 

In  conclusion  it  should  be  stated  that  repeated  serial  passage  in 
Snyder's  peptone  broth,  i'oshay's  gela’tin  hydrolysate  medium,  or  embryonated 
eggs  did  not  diminish  the  virulence  of  "UL" . 

B.  Infectivity 

Titration  of  the  LD  by  various  routes  in  nine  species  of  laboratory 
animals  has  reemphasized  the  nigh  infectivity  of  "UL".  Infection  was  easily 
accomplished  by  every  route  of  administration.  Uith  the  more  susceptible 
species  one  virulent  organism  introduced  parentcrally  was  sufficient  to  cause 
death  wfcoreas  by  percutaneous,  intranasal,  conjunctival,  intravaginal,  or 
respiratory  challenge  in  the  cloud  chamber  a  slightly  greater  inoculum  was 
necessary.  If  we  assume  that  the  more  resistant  raw  approaches  man  in  degree 
of  susceptibility  to  "UL"  infection  the  routes  err'.  .< 1  gr  i.n  order  of 
efficiency  would  be  as  v-.IiLc.s*.  intraperitonei  -'rator.-,  subcutaneous, 

intracutaneous,  intrr.na.-al ,  and  precutaneors.  •  w-audi  it  is  antici¬ 
pated  that  respiratory  era.  enge  might  be  -vry  .  man,  'Two  cases 

of  primary  "UL"  pneui.icr.ic  infection  occurred  .in  r.g ■  personnel  ard  two 
reinfections  followed  accidental  breaking  of  ;  •:  •:  ;  :  '-philized  "UL".  In 
these  latter  two  cas£-s  infection  was  pros  i  c ,  :  respirator*?-  route. 

Foshay  (per  com)  rep.  rtod  a  s.ialar  accid.  *.t  :*u  1:5  ,:r  v  ::..cvy  which  .vas  fol- 
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lowed  by  "UL"  infection.  In  other  human  infections  at  Camp  Dotrick  the 
portal  of  entry  was  probably  the  conjunctiva,  the  mucus  membrane  of  the 
mouth,  and  the  grossly  unbroken  skin. 


Comparative  cloud  chamber  studies  of  all  agents  studied  at  Camp 
Detrick  have  shown  (Rosebury  final  report)  that  "UL1'  compares  favorably 
with  the  other  agents  on  the  basis  of  infectivity. 

In  summary,  when  all  portals  of  entry  are  considered,  "UL"  is 
probably  the  most  infective  agent  studied  at  Camp  Detricki  Exact  ex¬ 
perimental  data  on  the  minimum  infective  dose  for  man  by  various  portals  of 
entry  is  not  available  but  using  information  from  human  cases,  and  judging1 
from  animal  data,  conclusions  may  be  drawn  which  are  probably  somewhat 
better  than  pure  opinion.  On  the  basis  of  practical  importance  from  a  B’.1 
standpoint  the  portals  of  entry  of  most  significance  in  man  are  probably 
(1)  respiratory,  (2)  intracutaneous,  by  means  of  scratches  and  abrasions, 
(3)  conjunctival  and  intranasal,  and  percutaneous,  via  the  apparently 
unbroken  skin. 


C.  Storage 

All  planning  and  research  for  offensive  BE  at  Camp  Detrick  has 
been  carried  on  under  the  assumption  that  to  be  effective  BV7  agents  must  be 
used  in  bombs,  rockets,  artillery  shells,  or  some  other  form  of  munition. 

If  used  in  this  way,  basic  problems  of  logistics  demand  that  the  agent  be 
capable  of  surviving,  storage  for  a  period  of  weeks  or  months  while  it  is 
being  transported  and  concentrated  at  forward  areas.  No  minimum  standards 
of  stability  have  been  established  but  it  has  been  generally  assumed  that 
to  be  practical  a  BW  agent  must  be  capable  of  storage  in  the  final  container 
for  at  least  two  to  three  months.  It  should  be  remembered  in  this  connection 
that  recent  and  future  advances  in  the  use  of  long  range  rockets  may  make 
it  possible  to  use  BL  munitions  against  distant  objectives  within  a  period 
of  two  or  three  days  after  preparation.  In  a  personal  communication  Lord 
Stamp  recommended  that  a  bomb  fill  oust  contain  at  least  1  x  lCr-^  viable 
organisms  per  ml  at  the  time  of  use.  This  recommendation  was  based  on  the 
results  of  field  trials  with  agent  "US"  in  the  British  h  pound  bomb. 

Tut  use  of  B1.  agents  by  saboteurs  against  key  personnel  or 
installations  has  been  largely  disregarded  in  British  and  American  planning. 
Various  nebulous  intelligence  reports  have  implied  that  this  method  has 
been  given  serious  consideration  by  the  Japanese.  If  used  in  this  way  it 
is  entirely  possible  that  P  agents  could  be  produced  cn  a  small  scale  behind 
eneny  lines  and  used  effc'  *ely  without  a  prolonged  period  of  storage. 

Downs  ($4) working  at  Kane  las  shown  that  "UL"  will  remain  infective  when 
stored  in  cold  water  for  i  jral  months.  Guinea  pigs  were  infected  by  eating 
carrots  which  had  been  stored  in  contaminated  soil  fur  20  days, 

"UL"  does  not  survive  storage  sufficiently  well  to  meet  pr< sent 
munition  requirements.  Greatest  stability  was  observed  on  storage  at  low 
temperature'  in  the  moist  state,  hr. ole  infected  c[(  S  stored  at  -A0°  C 

-167- 


S  EGRET 


SECRET 


contained  2  x  1$  infectious  units  per  ml  after*.  35_ckiys  or  33  per  cent 
survival.  -The  infectious  units  per  ml  were  7  x  lifter  56  days  storage 
and  1  x  10^  after  23  weeks.  Survival  after "lyophilization  was  much  poorer 
than  when  stored  wet.  Simultaneous  colony  counts  and  mouse  titrations  have 
shown  that  virulence  is  maintained  during  storage.  In  fact. virulence  of 
"UL11  cultures  has  been  remarkably  constant  under  all  conditions  of  handling . 

The  A  division  workers  have  carried  out  extensive  storage  ex¬ 
periments  using  organisms  grown  ip  Snyder's  peptone  broth.  Surival  of  moist 
cultures  was  similar  to  that  observed  with  infected  egg ’ 
bj  using  concentrated  sediments  with  an  initial  count  ofj  1  x  10  .  per  ml J 
survival  after  2  months  was  above  the  minimum  requirements  recommended  oy 
Lord  Stamp.  Survival  after  lyophilization  has  been  increased  from  0.0002 
per  cent  to  roughly  2.0  per  cent  by  the  A  Division  workers.  On  the  basis  of 
2.0  per  cent  survival,  lyophilization  of  broth  cultures  also  becomes  a 
practical  method  of  meeting  the  minimal  requirements  for  storage  and  potency 
of  the  pay  load.  It  is  anticipated  that  if  experimental  work  is  permitted 
to  continue,  further  improvement  in  storage  and  stability  of  "UL"  may  be 
expected. 

Foshay  first  called  attention  to  the  correlation  between  the 
morphological  structure  of  "UL"  ability  to  survive  the  lyophilization 
process.  Although  we  have  not  been  able  to  attack  this  problem  as  such, 
a  morphological  study  of  "UL"  under  the  electron  microscope  -has  shown  that 
the  majority  of"UL"  morphological  forms  have  no  rigid  cell  wall  of  the  type 
described  for  most  bacterial  species  by  Womascher. wV;  Organisms  rupture 
very  easily  and  the  cytoplasm  of  individual  organisms  has  a  very  low  electron 
density.  Chromatin  material  is  not  distributed  throughout  the  cell  but  is 
frequently  concentrated  in  several  masses  with  clear  water- like  cytoplasm 
between.  It  is  pcstul  ted  that  the  absence  of  a  cell  wall  and  the  delicate 
cellular  organization  accounts  in  part  for  the  lability  of  "UL"  when  drid$,  \ 
j  frozen,  or  subjected  to  mechanical  strain  which  occurs  in  cloud  chamber  I 
/  nebulization.  Future  improvement  of  stability  might  be  accomplished  by  / 
j  selective  cultivation  of  the  bacillary  morphological  variants  which  do.appeaf* 
/  to  have  a  delicate  but  definite  limiting  cell  membrane.  This  subject  is  / 

I  entirely  unexplored  at  the  present  time. 


D.  Dispersion 

1.  Cloud  Chamber  Studies 

Of  all  B’,.'  agents  studied  at  Camp  Detrick  "UL"  gave  the  poorest 
percentage  recoveries  when  nebulized  and  subsequently  recovered  by  impinge r 
sampling  of  the  nebulized  cloud.  Five  hundred  to  1000  fold  improvement  in 
percentage  recovery  t as  later  obtained  by  tne  A  Division  workers  and 
cloud  chamber  C  workers  during  the  course  of  their  studies.  These  improve¬ 
ments  were  brought  about  by  modifications  in  the  conditions  under  which  the 
organisms  were  grown,  the  addition  of  glycerine  to  the  suspending  medium 
and  by  changes  in  the  operation  of  the  cloud  chamber.  Recoveries  averaged 
around  2  to  3  per  cent  undf,i  the  best  conditions. 
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Because  of  the  high  respiratory  infectivity  of  "UL",  recovery 
on  the  basis  of  mouse  infectious  units  per  unit  of  cloud  compared  very 
favorably  with  other  agents  which  on  the  basis  of  percentage  recovery  alone 
appeared  to  be  much  better  than  l!UL".  The  discrepancy  between  the  number  of 
organisms  necessary  to  cause  respiratory  infection  as  determined  in  chamber 
A'  ' ,  chamber  B^',  and  chamber  'c(TO) 

are  discussed  by  Rosebury.'^7'  In 

addition  to  the  explanations  hereby  put  forward  it  is  our  opinion  that 
another  factor  is  of  prime  significance.  The  total  lapse  of  time  between 
nebulization  of  the  cloud  and  contact  with  the  respiratory  membrane  or 
impinger  in  the  three  chambers  was  as  follows:  chamber  A,  10  to  30  seconds; 
chamber  B,  3  seconds  and  chamber. C  10  minutes,  Dessicaticn  appears  to  be 
one  of  the  chief  causes  of  the  poor  survival  of  "UL"  when  nebulized.  It 
seems  possible  that  more  organisms  would  be  damaged,  to  the  point  where  they 
would  not  infect  animals  but  still  be  capable  of  growing  on  artifical  medium, 
when  nebulized  in  Chamber  C  where  they  would  be  exposed  to  drying  for  10 
minutes  before  sampling.  If  true  this  explanation  is  but  additional  evidence 
of  the  lability  of  "UL". 

Certainly  the  danger  of  retroactivity  against  our  own  troops 
would  be  minimi  with  this  agent  which  is  not  viable  in  the  cloud  for  more 
than  a  few  hours. 

Additional  cloud  chamber  experiments  carried  out  during  the  close¬ 
out  period  are  not  reported  in  the  final  reports  of  the  cloud  chamber  or 
A  division  groups.  Recoveries  o'jSto  25$  have  been  obtained  in  these  tests 
and  the  results  have  been  repeat&a  ana  confirmed  with  surprising  regularity 
in  sharp  contrast  to  the  previous  experience.  The  mechanism  of  this  re¬ 
markable  improvement  in  stability  is  being  investigated  insofar  as  time  and 
the  retention  of  trained  personnel  will  permit.  At  present  it  appears  that 
at  least  two  factors  are  of  importance.  First,  the  strain  of  UL  and/or 
rapid  serial  passage  in  peptone  broth  at  26°C,  and  secondly,  the  operation 
of  the  cloud  chamber  at  low  temperatures.  Under  the  best  conditions[25%| 
recovery  appeared  to  be  attainable.  This  figure  is  as  good  as  or  better  'than 
the  percentage  recovery  obtained  with  other  vegetative  agents  or  simulants. 

If  animal  infectivity  of  the  clouds  is  equal  to  that  previously  observed 
then  "U.u"  becomes  the  most  effective  agent  thus  far  studied  in  the  cloud 
chamber.  If  work  is  permitted  to  continue  further  improvements  will  very 
probably  bo  made. 

2.  Field  Trials 

Field  trails  in  the  British  four  pound  bomb  with  "UL"  concentrates 
prepared  by  the  a  Division  workers  were  scheduled  to  be  carried  out  in 
September,  1945  thru. arrangements  made  by  Lord  Stamp  with  the  Canadian  BV 
group.  This  project  was  cancelled  \t  the  last  minute  because  of  the  end  of 
hostilities  in  Japan.  Seme  valuable  experience  was  obtained,  however  through 
preparation  of  the  pc*y  loads  and  comparative  studies  of  cloud  sampling  methods 
to  be  used  in  the  proposed  trials.  It  is  impossible  to  predict  that  the 
results  of  field  trials  might  have  been,  hew ever  laboratory  studies  have 
progressed  to  the  point  wh  re  such  trials  are  possible,  and  probably  indicated 
as  a  guide  for  future  offensive  studies. 
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E.  Biological  Protection 

The  ideal  method  ol  protecting  fi-iendly  troops  or  civilians 
against  M  attack,  with  a  specific  infectious  disease  agent,  is  by  means 
of  prophylactic  vaccination.  Vaccin  ation  could  bo  carried  out  in  l*w 
tim  or  in  rear  areas  during  mobilisation,  in  efficient  vaccine,  properly 
administered,  should  practically  eliminate  the  agent  as  a  weapon  “ 
hands  of  the’enemy.  Furthermore,  if  the  enemy  did  not  have  ^uaUy 
good  vaccine,  he  would  be  vulnerable  to  attack,  .and  our  own  troops  could 
prepare  and  handle  the  munition  with  relative  safety. 

At  the  beginning  of  BW  studies  at  Camp  Detrick  jn  November,  WW, 
a  vaccine  which  would  protect  laboratory  animals  against  UL  infection 
was  not  available.  All  authorities  on  the  subject  were  agreed  on  this 
point.  Foshay  had  developed  a  vaccine  (5)  for  use  in  man,  and  a  later 
improved  preparation™,  both  of  which  showed  some  premise  in  human 
prcphvlaxis.  Neither  of  these  preparations  had  been  shown  to  protect  the 
rabbit,  guinea  pig  or  mouse,  so  controlled  experimental  proof  ol  their 
efficiency  was  lacking.  Upon  recovery  from  infection,  man  has  a  solid 
immunity,  therefore,  we  were  encouraged  to  study  the  problem  further. 

The  approach  at  Camp  Detrick  was  two-fold.  First,  a  survey  of 
all  laboratory  animals  was  made  in  an  effort  to  find  one  which  could  be 
immunized.  Secondly,  vaccines  wore  prepared  from  "UL"  grown  in  ^yonate 
chicken  eggs  on  the  theory  that  organisms  grown  in  the  presence  of  living 
tissue  might  produce  a  more  complete  antigen  than  cultures  grown  on  the 
usual  in  vitro  media. 

White  rats,  dogs  and  chickens  all  proved  to  have  considerable 
natural  resistance  and  following  recovery  from  a  sublethal  infection  they 
were  resistant  to  rechallenge  with  virulent  organisms.  Rats  were  aeemed 
the  most  suitable  animal  for  our  purpose  ana  it  was  demonstrated  that  cy 
could'  be  readily  protected  by  vaccin  ticn.  Because  of  the  individual 
variation  in  susceptibility  it  was  necessary  to  use  large  numbers  of  rats 
on  each  experiment.  Larscn('luJ-'  apparently  working  independently,  obtained 
similar  results  with  rats  and  published  his  findings  a  year  after  the  firs 
Camp  Detrick  monthly  reports.  It  is  of  interest  that  foshay  s  la  es ^ 
vaccine(30)  also  protected  the  ratv.  This  has  been  confirmed  by  Dr.  Poshay. 

Later  studies  demonstrated  that  the  mouse  could  also  be  protected 
against  a  small  challenge.  This  animal  may  offer  a  more  delicate  method 
of  comparing  vaccines  than  the  rat.  Future  studies  should  include  more 
extensive  experimentation  1  itu  this  animal. 

Several  t vpcs  cf  vaccines  proved  to  be  effective  in  the  rat  and 
the  mouse.  Preparations  from  cultures  grown  in  > mbrjen' ted  eggs  were  net 
significantly  superior  tc  lose  prepared  from  DCPA  ir  Peptone  Broth 
cultures  UO.  For  this  reason  rind  for  convenience  in  preparation  of  materi¬ 
als,  peptone  broth  culture*  wore  employed  for  further  vaccine  preparation 
an*  aerification. 
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Analysis  of  the  number  of  exposed  personnel  and  the  number  of 
cases  at  Camp  Detrick  indicated  that  Foshay*  s  vaccine  also  protected  man. 
Protection  was  not  absolute,  but  the  incidence  of  infection  in  a  large 
group  of  laboratory  workers  was  31*9  per  cent,  and  the  severity  of  the 
disease  in  the  24  cases  was  markedly  reduced.  Infection  of  unvaccinated 
laboratory  workers  in  th  past  has  been  90  to  100  per  cent'^>47,5 
For  human  use  we  recommend  the  purified  acetone  extracted  vaccine  because 
it  protected  rats  as  well  as  Foshay's  vaccine,  J-n(i/§5Ye  ris&  to  fewer  local 
and  systemic  reactions  in  the  vaccinated  personnel''®'. 


By  means  of  a  prevaccination  skin  test  developed  at  Camp  Detrick, 
the  number  of  severe  reactions  to  vaccinations  were  practically  eliminated. 
This  reduced  one  of  the  chief  objections  to  human  "UL"  vaccination. 

Preliminary  fractionation  of  the  "UL"  antigens  has  been  accomplish¬ 
ed  and  if  work  is  permitted  to  continue  this  new  information  can  be  further 
developed  and  applied  to  human  vaccination  with  the  hope  of  further  re¬ 
duction  in  the  number  of  vaccine  reactions  and  improvement  in  the  degree  of 
immunity  conferred. 

'F.  Specific  Therapy 


Streptomycin  has  been  shewn  to  be  effective  in  treating  established 
"UL"  infection  in  experimental  animals '®9)t  it  is  non-toxic  in  therapeutic 
levels.  This  antibiotic  is  effective  in  treating  clinical  "Ul"  infection 
in  man  as  shown  by  foshay  (per  com),  and  by  the  Camp  Detrick  station 
hospital  staff.  The  drug  is  effective  in  man  at  dosages  less  than  cne- 
seventh  of  the  amount  which  has  been  safely  tried  in  ether  human  diseases. 
Streptomycin  appears  to  be  a  true  specific  for  "UL"  infection.  Marked 
symptomatic  and  clinical  improvement  has  been  observed  within  12  hours  after 
the  beginning  of  treatment. 


G.  Detection 


With  the  development  of  effective  vaccines  tc  prevent  infection 
and  a  specific  antibiotic  to  treat  cases  the  importance  of  emergency 
physical  protective  measures  in  the  field  become  less  important.  However, 
if  BW  is  used  against  our  troops  all  known  protective  measures  should  be 
employed,  especially  since  "UL"  vaccin  tion  at  present  does  not  confer  a 
solid  immunity,  much  good  work  on  development  of  physical  and  chemical 
protective  measures  has  been  carried  out  at  Camp  Lbtrick^OO).  Examples 
are  protective  clothing,  masks,  and  ointments.  If  these  measures  art  tc 
be  used  most  effectively  it  is  imperative  that  methods  of  quickly  recognizing 
a  BW  al  tack  be  available,  Suosequontly  it  would  be  of  value  to  identify 
the  specific  Bl’  agent  be;r  ..  used  as  rapidly  as  possib  le  so  that  prophylactic 
cr  chemotherapeutic  measures  could  be  instituted  b  .’fore  cases  of  infection 
developed,  -this  latte:  problem  has  been  studied  in  th  "IW  laboratories 
ana  too  results  obtained  ha'x  been  confirmee  end  expended  oy  the  Safety 
rt vise.cn  and  the  Detection  project.  At  th.  osgi.mirv:  if  this  work  four  to 
tea  days,  were  roquiree  u.r  .certification  of  'LL"  in  unknown  samples.  By 
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application  of  many  now  technics  developed  hre,  "UL"  has  been  successfully 
isolated  and  identified  from  contaminated  simulated  field  specimens  in 
24  to  36  hours.  Since  the  average  incubation  period  of  "UL"  is  3  or  4. 
days  it  should  be  possible  to  identify  the  organism  and  institute  specific 
chemotherapy  before  the  occurrence  of  widespread  morbidity  following 
exposure. 


V  SUMMARY 

A)  Production 

Mass  production  is  feasible  on  a  large  laboratory  scale  and  no 
more  than  the  ordinary  difficulties  should  be  experienced  in  converting  to 
plant  scale  operation. 

B.  Infectivity 

<4JL"  is  almost  unique  among  disease  organisms  in  its  ability. to 
infect  both  man  and  animals  via  multiple  portals  of  entry.  Virulence  is 
maintained  without  difficulty. 

C.  Storage 

O ' 

"UL"  does  not  meet  present  standards  for  storage  required  of  a 
potential  BU  agent.  The  conditions  of  storage  necessary  for  survival  have 
only  been  partially  explored  and  additional  investigation  would  probably 
lead  to  further  improvement  in  stability. 

<4, 

D.  Dispersion  ^ 

The  percentage  recovery  of  from  nebulized  clouds  is  equal 
to  or  better  than  that  obtained  with  other  vegetative  BV  agents  or 
simulants.  Further  improvement  is  probable. 

E.  Biological  Protection 

Effective  vaccines  are  available.  Protection  is  not  absolute 
but  the  incidence  and  severity  of  infection  in  vaccinated  personnel  are 
markedly  reduced.  Precautionary  measures  have  been  defined,  by  means  of 
which  untoward  hypersensitive  reactions  to  vaccination  may  be  largely 
avoided. 

F.  Specific  Therapy 

A  safe,  effective,  specific,  chemotherapeutic  agent,  streptomycin, 
is  available  for  treatment  of  "UL"  infection, 

6^  Detection 

Rapid  methods  of  detecting  and  identifying  "UL"  in  unknown 
contaminated  specimens  have  been  defined. 
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H.  General 

With  the  single  exception  of  stability  for  prolonged  periods  of 
storage  "UL”  meets  the  requirements  of  an  ideal  BW  agent.  Past  experience 
indicates  that  vdth  additional  study  stability  may  be  improved. 

VI  APPENDIX 


A.  Project  Specifications 

1.  Project  number  and  title; 

CD-DB-3 ,  Immunization  against  Tularemia 

2.  Date:  1  October  1943 

3.  Basis  of  Authority:  Directive,  Chief,  Chemical  Warfare  Service 

4.  Project  Specification  Superseded;  None. 

5.  Object:  To  develop  a  moans  or  method  for  immunization  of  man 

against  tularemia. 

6.  Previous  Work  Done:  It  is  not  possible  by  any  method  and/  or 

means  now  available  to  immunize  any  animal  against  tula- 
✓  remia.  Some  claims  have  been  made  by  various  workers 

as  to  immunization  of  man,  but  these  claims  have  been 
questioned  by  some  observers  as  resting  upon  rather  weak 
ground.  It  is  known  that  man  is  extremely  susceptible 
to  tularemia. 

7.  Governing  Principles: 

a.  Use  of  Item:  The  primary  use  of  this  item  would  be  in  the 

the  protection  of  workers  engaged  in  the  development 
of  BW  work.  The  eventual  use  would  depend  upon  the 
success  of  the  developmental  phases. 

b.  Defects  in  existing  Similar  Items:  Ne-method  is  now  available 

avail- ble  for  the  immunization  of  animals, 
methods  advocated  for  immunization  of  man  have  frequently 
been  criticized  as  resting  upon  clinical  rather  than 
scientific  grounds.  It  is  a  general  opinion  that  no 
completely  adequate  method  for  immunization  of  man  against 
tularemia  now  exists. 

c.  Performance  Characteristics:  Any  method  and/or  means  of 

immunization  of  man  against  tularemia  must  give  a  degree 
of  immunity  reckoned  as  completely  protective  against 
exposure  to  the  disease  if  it  is  encountered  in  BW,  and 
must  be  of  such  nature  as  not  to  prejudice  the  life  or 
health  of  the  individual  being  immunized. 
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d.  Technical  Characteristics: 

(1)  The  method  or  means  of  immunization  must  confer  a 
high  degree  of  immunity. 

(2)  The  method  or  means  of  immunization  must  not  pre¬ 
judice  the  life  or  health  of  the  individual,  nor  may 
it  be  of  such  nature  as  to  affect  the  normal  activity 
of  the  individual. 


(3)  It  is  desirable  that  the  method  and/or  means  of 

immunization  be  of  such  nature  that  immunity  will  be 
acquired  after  '<&&  or  injections,  and  that  this 
immunity  vdll  develop  very  rapidly  into  its  full 
strength. 


(4)  Tt  is  desirable  that  any  vaccine  be  of  such  quality 
as  to  permit  storage  for  a  period  as  long  as  one  year 
without  impairment  of  its  potential  efficiency. 

(5)  It  must  be  established  absolutely  that  the  vaccination 
does  not  render  the  individual  more  susceptible  rather 
than  more  resistant. 

(6)  No  vaccine  vdll  be  admitted  as  adequate  which  fails  to 
immunize  animals. 

(7)  No  vaccine  vdll  be  admitted  as  adequate  which  cannot 
safely  be  administered  to  animals. 


8*  -Procedure:  Considering  the  amount  of  work  which  has  already  been 
done  oh  this  subject  and  considering  the  lack  of  success 
which  has  attended  these  endeavors,  it  is  impossible  to 
predict  that  any  procedure  now  envisaged  could  be  re¬ 
garded  as  offering  success.  In  general,  the  approach 
to  this  problem  involves  taking  advantage  of  every 
available  idea  and  pursuing;  that  idea  until  it  is  proven 
erroneous.  All  developmental  attempts  must  be  carried 
out  with  Lower  animals  before  any  attempt  is  made  to 
immunize  man.  The  following  lines  of  experimentation 
will  be  followed  in  the  initial  development  of  this 
subject. 

(1)  The  study  of  the  antigenic:  behanior  of  Rasturella 
tularensis  as  grown  in  embryonic  tissue. 

(2)  The  determination  of  whether  species  vaccines  can 

be  developed  by  growth  of  the  organisms  in  the  serum 
of  the  species  to  be  immunized. 


(3) 


The  study  of  the  antigenic  pattern  of  the  organism' 
to  determine  whether  some  fraction  might  be  more 
effective  than  the  whole  organism. 
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9.  Cooperation:  None 

10.  Estimated  time:  No  estimate 

11.  Estimated  Cost: 

12.  Addenda :  It  is  obvious  that  the  solution  of  this  problem  might 

'  ^ave  a  profounci  significance  in  the  field  of  public 

health.  As  the  years  pass  there  seems  to  be  a  decided 
increase  in  the  number  of  cases  of  tularemia,  particularly 
among  hunters,  butchers,  and -.laboratory  workers. 
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Lt(jg) 
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Lt(jg) 

1st  Lt. 

1st  Lt. 

Lt(jg) 

Lt(jg) 

2nd  Lt. 

1st  Lt. 

Grade 


T/4 

T/Sgt. 
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PhM3/C 
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Date 
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Feb.  '45 
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Date 
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Oct. 
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Feb. 

'45 
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'45 

Oct. 

•45 

Jan. 
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Oct. 

>45 
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'45 

Oct. 
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Oct. 
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Date 
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Oct. 
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Oct. 
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Oct. 

'45 
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.'45 

June 

*45 

Oct. 

'45 

July 
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April' 45 

June 

'45 

Sept 

.'45 
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.'45 

Oct. 

'45 

Sept. '45 
April' 45 

Oct. 

'45 

Oct. 

'45 

Oct. 

'45 

Oct. 

'45 

June 

'44 
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"B"  DIVISION  CON'T 


Service 
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Service 

Room 
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Pyne,  Marilyn  A. 
Rines,  Evelyn  L. 
Etter,  Mary  E. 


Grade 

Date 

Joining 

Date 

Leaving 

Pfc. 

Feb.-  ’44 

July  '44 

Pvt. 

March1 44 

July  '44 

Pfc. 

July  '44 

Oct.  '45 

T/5 

July  '44 

Jan.  '45 

Sl/c 

Jan.  '45 

Oct.  *45 

T/5 

Jan.  '45 

Feb.  '45 

Sl/C 

Dec,  '44 

Sept. 

'45 

PhM2/C 

Jan,  '44 

April 

'45 

PhM3/C 

April' 45 

July 

'45 

PhH3/C 

July  '45 

Oct. 

'45 
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«Att  DIVISION 

Date 

Date 

Offic  ers 

Rank 

Joining 

Leaving 

Snyder,  Thomas  L. 

1st  Lt. 

Jan.  '44- 

Oct.  '45 

Klein,  Robert  E. 

Ens. 

Oct.  *44 

Oct.  * 45 

Gerhardt,  Phillip 

1st  Lt. 

Oct.  '44 

Nov.  '44 

Mizera,  J.  W. 

1st  Lt. 

Oct.  '44 

Nov.  '44 

Spencer,  G.  R. 

Ens. 

Oct.  '44 

Nov.  '44 

Engley,  Frank  B. 

2nd  Lt. 

Jan.  '45 

Oct.  '45 

O' Kane,  Daniel  J.  Jr. 

Major 

April '45 

Oct.  '45 

Date 

Date 

Technicians 

Grade 

Joining 

Leaving 

Penfield,  Ruth  A. 

T/4 

Jan.  '44 

Oct.  '45 

Waits ,  W.  M.  Jr. 

PhM2/C 

Sept. '44 

Sept. *45 

Lefkov/itz,  Harry 

T/5 

Oct.  '44 

Oct.  '45 

Gennert,  William 

PhM2/C 

Jan.  '45 

Oct.  '45 

Bennett,  Jackson 

T/5 

Jan.  '45 

July  .'45 

Pascal,  Rinaldo 

S2/C 

Mar.  '45 

May  '45 

Kaleta,  Gerald  J. 

PhM3/C 

April' 45 

May  '45 

Creasy,  John 

.  PhM3/C 

July  '45 

Oct.  -’45 

Date 

Date 

Service 

Grade 

J  oining 

Leaving 

Gaspari,  George 

Sl/C 

Jan.  '45 

April '45 

Marhefka,  Anthony 

Pfc. 

Jan.  '45 

Oct.  '45 

Morris,  Howard 

Pvt. 

Jan.  '45 

Oct.  '45 

Schnell,  Ralph 

Sl/C 

Sl/C 

Jan.  '45 

July  '45 

Quill,  Thomas  E. 

Jan.  '45 

June  '45 

Zarchy,  Joseph 

PhM2/C 

Mar.  '45 

May  '45 
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Date 

Date 

Officers 

Rank 

Joining 

Leaving 

Johnson,  Newell 

Capt. 

Oct.  '44 

Nov.  '44 

Boldt,  Martin 

1st  Lt. 

Mar.  '45 

Oct.  '45 

Aaron,  Jerome 

1st  Lt. 

Mar.  '45 

Oct.  '45 

Cournoyer,  Norman 

1st  Lt. 

April' 45 

Oct.  '45 

Rosenv;ald,  Arnold 

Capt, 

Aug.  '45 

Oct.  '45 

Civilians 

Date 

Date 

Joining 

Leaving 

Henderson,  David 

Dr. 

Oct.  '44 

Nov.  '44 

Rosebury,  Theodore 

Dr. 

Mar.  1,45 

Oct.  '45 

Olson,  Frank 

Dr. 

April '45 

Oct.  '45 

Date 

Date 

Technicians 

Grade 

Joining 

Leaving 

Sherry,  Edward  S. 

PhMl/C 

Oct.  '44 

Nov.  '44 

Cassell,  R.  E. 

PhM2/C 

Oct.  '44 

Nov.  '44 

Abrams,  Harold 

PhMl/C 

Oct.  '44 

Nov.  '44 

Virgil,  William 

PhM2/C 

Mar.  '45 

Oct.  ’45 

O'Bryon,  Charles  E. 

Pvt. 

Mar.  '45 

Oct.  '45 

Franzen,  Carl 

PhM2/C 

Mar.  '45 

Oct.  '45 

Bicletto,  Allan 

Sl/C 

Mar.  >45 

Oct.  '45 

Neff,  Everett  L.  Jr. 

Pfc. 

April' 45 

Oct.  '45 

Palmer,  Win.  F. 

PKM3/C 

April' 45 

Oct.  '45 

Kress,  Helmut 

Pfc. 

april'45 

Oct.  '45 

Gupton,  Russell  C. 

Pvt. 

May  '45 

Oct.  '45 

Drimmer,  Gideon 

Pvt. 

Sept. '45 

Oct.  >45 

Moses,  Uayl 

Pvt. 

Sept. '45 

Oct.  '45 

Service 

Date 

Date 

Animal 

Grade 

Joining 

Leaving 

Carr,  Robert 

Sl/C 

Mar.  '45 

Oct.  '45 

Veto,  Alexander 

S2/C 

Mar.  ' 45 

Oct.  '45 

Glucksnis,  rtlbert 

Pvt. 

June  '45 

Aug.  '45 
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"PC”  DIVISION 


Date 

Date 

Officers 

Rank 

Joining 

Leaving 

Tatlock,  Hugh 

Swanson,  Beatrice 

Capt. 

Lt(jg) 

May  '45 

May  1 45 

June  '45 
July  *45 

Date 

Date 

Technicians 

Grade 

Joining 

Leaving: 

Arey,  Barbara 

Tripp,  Leonard  M. 

PhM2/C 

H.A.l/C 

May  ' 45 

May  '45 

June  '45 
June  '45 
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C.  Preparation  of  Vaccine 

Vaccine  Formalized  38  NIH,  S,  and  C.. 

72  hour  growth  washed  from  7  slants  of  DCBA  with  10  ml  normal 
saline.  Shaken  with  glass  beads  and  formalin  added  q.s.  to  make  0.25$* 
Incubated  overnight  at  37°  C  and  diluted  to  T500  turbidity  with  normal 
saline.  Tested  for  sterility  by  planting  5.0  ml  in  100  ml  plain  broth, 

0.1  ml  on  DCBA  plate  and  slant..  Turbidity,  approximately  100  ppm.  Final 
formaldehyde  concentration  0.1%. 

Vaccine  #2  OF038YS  I. 

9  day  embrycnated  eggs  were  given  0,2  ml  YS  injection  of  10  ^ 
dilution  of  T500  suspension  of  strain  0F038.  Yolk  sacs,  membranes,  and 
fluid  were  harvested  separately  when  embryos  were  dead,  usually  at  72 
hours.  They  were  shaken' with  glass  beads  to  emulsify  the  tissue.  DCBji  plate 
counts  were  made  and  yolk  sacs ,  membranes ,  and  fluid  were  each  made  into 
vaccines  by  the  method  described  below  for  yolk  sacs.  Yolk  sacs  were 
frozen  overnight,  thawed,  and  1  volume  of  0.85/°  saline  containing  0.5 % 
formalin  was  added,  shaken  to  break  up  yolk  sac  and  refrigerated  overnight. 
This  was  poured  into  large  bottles  through  a  sieve,  and  the  bottles  rinsed 
with  0.85 %  saline.  Enough  0.85$  saline  was  added  to  bring:  the  egg  con¬ 
centration  to  30$  and  allowed  to  stand  3  days.  An  equal  volume  0.85$ 
saline  containing  1-10,000  merthiolate  was  added,.  (15$  crude  yolk  sac). 

The  mixture  was  adjusted  to  pH  7.0  with  Na^HPO^,  200  ml  of  ether  was  added 
to  1500  ml  of  crude  extract  and  shaken  a  little  by  hand.  This  was  frozen 
in  C02-ether  and  stored  in  the  C02  box  overnight,  then  thawed  in  water  and 
300  ml  of  ether  was  added.  Shake  thoroughly  and  let  stand  at  room 
\  temperature  overnight.  The  aqueous  phase  was  removed  by  aspiration.  900 
ml  of  saline  was  added  to  the  ether  left  in  the  bottle,  shaken  and  per¬ 
mitted  to  stand.  The  aqueous  phase  was  removed  and  combined  with  the  first 
aqueous  phase.  The  sediment  was  washed  with  200  ml  of  ether,  shaken,  and 
allowed  to  stand  overnight.  The  aqueous  phase  was  removed  and  added  to 
the  first  and  second  aqueous  phases.  These  combined  washed  aqueous  phases 
constituted  the  vaccine.  The  finished  vaccine  contained  approximately 
1,000,000,000  organisms  per  ml.  This  number  was  based  on  a  DCBA  plate 
punt  of  viable  organisms  before  the  addition  of  preservative  and  ether 
extraction. 

Vaccine  0  0F038YS#2 

Vaccine  prepared  from  membranes  by  procedure  described  under 
Vaccine  4 2.  Count  100,000,000  organism/ml. 

Vaccine  #A  0F038  Memb-YS. 

Vaccine  prepared  by  procedure  described  under  vaccine  #2  from 
yolk  sacs  of  eggs  which  had  been  inoculated  via  the  membrane. 

Count  6,000,000  organisms/ml. 
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Vaccine  #>  OF  03  8  Merab -Fluid 

v Vaccine  prepared  by  procedure  described  under  vaccine  #2  from 

fluid  of  ergs  which  had  been  inoculated  via  the  membrane.  . 

Count  1,000,000  organisms/ml. 


Vaccine  #6  S-YS 


Prepared  from  yolk  sacs  of  eggs  inoculated  via  the  yolk  sac  with 

strain  S  by  procedure  described  for  vaccine  #2. 

*  H  Count.  1,000,000,000  organisms/ml. 


Vaccine  #7  S-Membrane. 

Similar  to  vaccine  #6  but  prepared  from  membranes. 

Count  500,000,000  organisms/ml. 


Vaccine  #8  S-Fluid 


Similar  to  vaccine  #6  but  prepared  from  fluids  (allantoic  fluid, 

amniotic  fluid,  amniotic  fluid  and  Yolk).  •  / 

*  C«unt  500,000,000  organisms/ml. 


Vaccine  #9  S-YSM  Uere  prepared  like  vaccine  #2  from 
Vaccine  #  10  C-YSM  pooled  membranes  and  yolk  sacs  of  eggs 
inoculated  with  Strain  S  or  strain  C.  These  vaccines  contained  not  over 
1  billion  organisms  per  ml. 

Vaccine  #11  SYS  2no  Supernatant-Crude  centrifuged  vaccine. 


Tc;n  day  eg£S  were  inoculated  via  the  yolk  sacs  as  before.  Alter 
death  of  the  embryo  the  yolk  sacs  were  harvested,  shaken  with  glass  beads, 
and  frozen  in  C0o,  then  melted  and  refrozen,  and  remelted.  They  were  then 
shaken  for  i  hour.  The  material  was  diluted  with  an  equal  volume  of  saline 
containing  1.0*  formalin  to  make  a  final  dilution  of  0.5*  formalin.  This 
was  allowed ''to  stand  in  the  refrigerator  overnight.  It  was  centrifuged 
at  2000  rpm  for  35  minutes  with  usual  resultant  layering.  The  sediment 
was  resuspended  in  the  liquid  middle  layer  and  centrifuged  for  fifteen 
minutes  at  1000  rpm.  It  separated  into  2  layers..  The  supernatant  contained 
large  numbers  of  organisms  as  shown  by  smears  stained  with  iemsa,  is 
was  the  final  vaccine  and  contained  approximately  3  billion  "l7L"  organisms 

per  ml. 


Vaccine  #12  S  Memb  F8-IV-44 

11  and  12  day  embryonated  eggs  were  injected  via  the  yolk  sac 
with  10“2  dilution  of  *"UL"  strain  S  and  were  harvested  after  death  on  the 
3rd  dav.  Membranes  were  harvested  and  shaken  with  glass  beads  for  15 
minutes.  An  equal  volume  of  saline  containing  0.5*  formalin  was  added. 
This  was  stored  in  the  refrigerator  overnight.  The  next  day  they  were 
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centrifuged  at  2700  rpm  for  1  hour.  They  separated  into  3  layers.  Smears 
stained  with  Giemsa  showed  that  the  top  Layer  contained  few  organisms  and 
debris,  this  was  discarded.  The  fluid  middle  layer  contained  numerous 
organisms  and  was  saved.  1'he  sediment  contained  the  largest  number  of 
organisms  and  was  suspended  in  saline,  homogenized  in  the  V/aring  Blendor  for 
20  minutes,  allowed  to  stand  in  the  ice-box  overnight  where  it  again  separated 
into  3  layers.  The  sediment  and  top  layer  were  discarded.  The  middle  layer 
was  centrifuged  at  4000  rpm  for  1  hour  and  the  supernatant  discarded.  The 
sediment  was  pooled  with  first  supernatant  to  make  the  finished  vaccine  which 
contained  3.9  billion  or£anisms/ml. 

Vaccine  #13  SYS-F  8-IV-44 

The  eggs  were  injected  as  for  vaccine  #12.  The  yolk  sacs  were 
harvested  and  diluted  with  saline  to  30$  and  0.5$  formalin  was  added.  These 
were  stored  overnight  in  the  ice-box,  homogenized  for  30  minutes  in  the 
Waring  ^lender.  They  were  then  centrifuged  at  2650  rpm  for  3  hours.  The 
fluid  separated  into  3  layers.  The  top  layer  was  discarded.  The  sediment 
was  saved  and  the  middle  fluid  layer  was  centrifuged  at  4000  rpm  for  1  hour. 
The  sediment  from  this  was  saved  and  pooled  with  the  first  sediment.  These 
sediments  wore  diluted  with  0.1^  formalin  in  saline  to  the  original  volumes. 

Count  approximately  4,000,000,000  organisms/ml 

Vaccine  #14  SYS  10-IV-44 

Eggs  were  inoculated  via  the  yolk  sac  and  the  yolk  sac  harvested 
as  for  vaccine  #12,  After  being  homogenized  in  the  Waring  Blendor,  they 
were  frozen  in  dry  ice-acotone  and  stored  overnight  in  the  CC>2  box.  They 
were  then  thawed  and  centrifuged  1  hour  at  2650  rpm.  The  fluid  separated 
into  3  layers.  The  sediment  contained  a  very  large  number  of  organisms  and 
seme  debris.  It  was  pooled  with  the  liquid  middle  layer  and  saved.  The  top 
layer  was  diluted  with  10  volumes  of  saline  and  homogenized  in  the  Waring 
Blender  for  10  minutes.  It  was  then  centrifuged  at  4000  rpm  for  one  hour. 

There  was  again  separation  into  3  Layers.  The  sediment  contained  a  large 
number  of  organisms  and  was  pooled  with  the  original  sediment  and  liquid 
layer  mentioned  above  to  make  the  final  vaccine. 


The  final  volume  was  360  ml  and  represented  150  ml  of  original 
y'.lk  sac  material. 


Count  Approximately  3.3  billion  organisms/ml 


Vaccine  #15  SYS  30$F  6-IV-44 


Ten  yolk  sacs  were  harvested  from  yolk  sac  inoculated  eggs  and 
diluted  with  2  volumes  of  saline.  Formalin  was  added  to  make  0,5$  final 
dilution  and  this  was  then  homogenized  in  the  V.'nring  Blender  for  £  hour. 
After  appropriate  sterility  tests  this  was  bottled  as  the  finished  vaccine. 

Count  Approximately  3  billion  organisms/ml. 
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Vaccine  #16  Foshay  vaccine. 

Made  .at  Camp  Detrick  according  to  personal  communication  from 
Dv.  Foahay™0'  by  adding  0*5%  phenol  to  12  hour  culture  of  strain  S  grown 
in  gelatin  hydrolysate  medium  and  adjusted  to  a  turbidity  of  3,000  on  t  e 
Fullers  earth  scale.  Count — approximately  10-12  billion  organisms/ ml. 

M;  N/ial— 1 0.06  determined  on  sediment  after  high  speed  centrifuging  at 
21,000  times  gravity. 

Vaccine  #jl7  AF-13-III-F 

Exeven  day  erabryonated  eggs  were  inoculated  via  the  yolk  sac  with 
0.2  xnl  10"!  dilution  of  strain  Sill  and  harvested  three  days  later  after 
overnight  storage  in  the  refrigerator.  The  allantoic  fluid  was  aspirated 
from  30  eggs,  pooled  and  a  plate  count  made.  Formalin  was  added  to  make 

0.2$  concentration.  . 

Count  1,600,000,000  organisms/ml. 


V:  ccine  #18  A-F-i3-III-Cr 

S  .  :.r>  vaccine  #i7  except  preservative  added  was  0.75%  chloroform. 

Count  1,600,000,000  organisms/ml. 


V-  ccine  #19  YS-13-IH-F 

Yolk  sacs  from  eggs  used  to  prepare  vaccine  #j7  were  shaken  with 
t-lass  beads  and  an  equal  volume  of  saline  containing  0.2%  formalin  was 
added  and  reshaken.  It  was  allowed  to  stand  in  the  refrigerator  lor  1  week 

then  the  aqueous  layer  was  aspirated  and  bottled. 

Count  2,200,000,000  organisms/ml 


V:  ccine  #*.0  YS-14“III“Ch 

Sii.nl. ir  to  vaccine  #19  except  preservative  was  0.75%  chloroform. 

Count  2,200,000,000  organisms/ml 


Vaccine  #21  M-xj-III-F 

Similar  to  vaccine  #19  prepared  from  membranes. 

Count  2,100,000,000  organisms/ml. 


Vaccine  #22  M-14-III-Ch 


added  as 


Similar  to  vaccine  #19  prepared  from  membranes  and  0.75%  chloroform 

a  preservative.  .  , 

Count  2,100,000,000  orgaiusms/ml. 


Vaccine  #23  MAF-UV 


12  day  erabryonated  eggs  were  inoculated  via  the  membrane  and  four 
days  later  the  allantoic  fluid  of  all  embryos  was  aspirated,  pooled,  and 
counted  on  DCBA  plates.  The  fluid  was  exposed  in  a  thin  layer  at  a  distance 
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of  3  inches  to  ultraviolet  light  gen<  rated  by  a  Hanovia  lamp,  then  bottled. 
In  subsequent  tests  this  vaccine  caused  typical  "UL"  deaths  in  mice  but 
was  a virulent  for  rats.  It  was  therefore  an  ultraviolet  attenuated  vaccine 

Count  100,000,000  organisms/ml. 


Vaccine  #21  CHYS  Ext. 

Seven  day  cmbryonated  e^s  were  inoculated  as  uaual  into  the  yolk 
sac  and  harvested  after  1  days  incubation.  Yolk  sacs  were  pooled,  shaken 
with  beads,  and  allowed  to  stand  in  the  refrigerator  overnight.  An  equal 
volume  of  saline  containing  0.5$  formalin  was  added  and  shaken  before 
storing  overnight  in  the  ice-box.  This  was  diluted  to  15 %  yolk  sac  and  20% 
by  volume  of  chloroform  added  and  thoroughly  mixed  before  storage  in  the 
CO  cabinet.  The  pH  was  adjusted  to  6.9  and  the  mixture  frozen  quickly  in 
a  ^-acetone  bath  and.  stored  frozen  overnight.  It  was  melted  in  a  water 
bath  and  stored  in  the  refrigerator  where  the  mixture  separated  into  a  top 
yolk  layer,  a  middle  aqueous  layer,  a  lower  sludge  layer,  and  a  bottom 
layer  of  chloroform.  The  aqueous  layer  was  aspirated  and  the  excess  chloro 
form  removed  under  a  vacuum.  1j10,000  merthiolate  was  added  as  a  pre¬ 
servative.  . 

Count  500,000,000  organisms/ml. 


Vaccine  #25  C-5 

Same  as  vaccine  #24  but  concentrated  by  lyophilization  and  re¬ 
suspended  in  sufficient  sterile  v«ater  to  make  a  final  concentration  of  12 
billion  organisms/ ml. 

Vaccine  #26  MAF-Ch 

Similar  to  vaccine  #23  except  preservative  was  0.75$  chloroform. 

Count  600,000,000  organisms/ml. 


Vaccine  #27  Young. 

A  ten  hour  broth 
0.75 %  chloroform. 


Broth  Culture  Ch. 

culture  in  ^nyders  peptone  medium  killed  with 
Count  1  to  2  billion  organisms/ml 


Vaccine  #28  AF-UV3/4 

Similar  to  vaccine  #23  but  this  suspension  was  exposed  to:  ultra 
violet  for  3/4  second  in  apparatus  at  Parke-Davis  laboratories  in  Detroit. 
(Exposure  for  l/4  second  did  not  kill  all  of  the  "uy.)  Count  175,000,000 
organisms/nl. 

Vaccine  #29  Broth  0ulture-UV^ 

» 

A  72  hour  peptone  broth  culture  was  centrifuged  at  4000  rpm  for 
45  minutes  and  sediment  resuspended  in  broth  to  match  a  T  500  turbidity. 
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This  was  exposed  to  ultra  violet  for  \  second  similar  to  vaccine  $28. 

Count  3,300*000,000  organisms /ml. 

Vaccine  $30  Acetone  Extracted  Vaccine  A-l 

Twenty- five  per  cent  by  volume  c.p.  acetone  added  to  24  hour 
peptone  broth  culture  of  strain  SM14  and  allowed  to  stand  overnight  at 
4°C.  Centrifuged  at  room  temperature  and  resuspended  in  50$  acetone  in 
saline.  Stored  at  4°C  overnight.  Centrifuged  at  room  temperature  and 
resuspended  in  100$  acetone  find  stored  overnight  at  4°C.  Centrifuged  at 
room  temperature  decanted  and  dried  over  vacuum.  Resuspended  in  0.1$ 
formalized  saline  to  match  turbidity  T500.  Count  10,000,000,000  organisms/ml.  • 
MgN/ml — 0.06.  Total  solids— 8.0  mgm/ml. 

Vaccine  #30A 

Control  for  #30.  A  24  hour  peptone  broth  culture  concentrated  by 
centri fugying  to  match  turbidity  of  T500. 

Vaccine  #31  Acetone  Extracted  Vaccine  A-2 

Similar  to  #30  except  all  procedures  ,  including  centrifugying,  were 
carried  out  at  0°  C  and  with  each  addition  of  acetone  the  sediment  was  shaken 
for  45  minutes  on  a  mechanical  shaker.  Mg  N/ml — 0.07. 

Vaccine  #32  Alum  Vaccine 

11  ml  of  10$  alum  added  to  110  ml  of  10  day  old  Snyder  broth  culture, 
pH  5.5  produced  a  floe  and  change  of  pH  to  4.1.  pH  adjusted  to  7.0  with 
NaOH  (7ml).  allowed  to  stand  in  ice  box  48  hours  and  one  sample  bottled 
,and  labeled  Alum  Vaccine  24VI44.  The  remainder  was  centrifuged  and the 
sediment  resuspended  in  0.1$  formalized  saline,  pH  6.5.  Recentrifuged  and 
taken  up  in  an  equal  volume  0.1$  formalin  pH  6.2.  Bottled  and  labeled 
Alum  Vaccine  pH  6.2  27VI44. 

Vaccine  #32 A 

Ten  day  Snyder  broth  culture  with  0.1$  formalin.  No  other  treatment; 
to  be  used  as  control  for  vaccine  #32. 

Vaccine  #33  Peptone-Foshay-72 

A  72  hour  peptone  broth  culture  killed  with  0.5$  phenol  and 
allowed  to  stand  24  hours  in  the  cold.  Centrifuged  at  4000  4pm  and  packed 
cells  resuspended  in  a  sufficient  amount  of  the  supernatant  to  make  a  final 
turbidity  of  T3000.  Count  approximately  10-12  billion  organisms  per  ml. 

Vaccine  y34  B-Conc.  peptone 

Similar  to  vaccine  #33  but  prepared  from  12  hour  broth  culture. 

Count  4,000,000,000  organisms/ml. 


c 
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Vaccine  # 35 

a  24  hour 
preservative. 

Vaccine  #36 


24  hour  peptone 

culture  in  peptone  broth  with  0. 5%  phenol  added  as  a 
Count  6,000,000,000  organisms/ml. 

24  hour  Seitz  Filtrate 


Same  as 'vaccine  #35  but  Leitz  filtered  find  filtrate  used  as  vaccine. 
Contains  soluble  material  capable  of  passing  a  Seitz  filter  from  24  hour 
peptone  broth  culture  containing  6,000,000,000  organisms  per  ml. 

Vaccine  #37 


Virulent  "UL"  strain  SM21R3  was  grown  in  peptone  broth  vdth 
continuous  shaking  for  24  hours  at  37°C.  The  culture  was  harvested  and 
acetone  extracted  vaccine  prepared  and  standardized  as  for  vaccine  #31« 


Vaccine  #38 

Similar  to  #37  but  the  culture  was  grown  at  26-28°  C. 

Vaccine  #39 

Similar  to  vaccine  #37  but  the  culture  was  grown  on  DCBA  at  37°  C, 
Vaccine  #40 

Similar  to  vaccine  #37  except  avirulent  "UL"  strain  NIH  38  was 

used. 

Vaccine  #41 

Similar  to  vaccine  #38  except  avirulent  "UL11  strain  NIH  38  was  used. 
Vaccine  #42 

Similar  to  vaccine  #39  except  avirulent  "UL"  strain  NIH  38  was  used. 

Before  these  vaccines  were  used  safety  and  sterility  tests  were 
carried  out  as  described  in  Appendix  III. 

D.  Procedures  used  in  Testing  "UL"  Vaccine  During  Stages  of  Preparation 
and  on  Completion  of  the  Product  (Camp  Detrick) 

The  following  outline  was  adopted  after  consulting  all  available 
publications  of  the  U.  5.  Public  Health  Service  and  conferences  with 
Dr.  Uorkman  of  NIH  and  Dr.  N.  P.  Hudson  representing  the  Surgeon  General's 
Office.  Dr.  Lorkman  had  no  specific  recommendations  regarding  standardization 
of  "Uxi"  vaccines  since  the  NIH  had  never  been  asked  to  approve  such  a 
product. 
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1.  Inoculum  and  Final  "UL11  Culture-Identification 

a.  Identify  the  organisms  to  be  used  for  vaccine  production  both 
before  inoculation  and  at  the  end  of  incubation. 

1.  Gram  stain,. 

2.  Plate  on  dextrose  cysteine  blood  agar  (DCBA)  at  time  of 
harvesting. 

3.  Agglutination  slide  test  with  specific  antiserum., 

2.  Biologic  in  Bulk 

a.  Sterility  Test.  Prior  to  bottling ,  at  least  10  ml  from  each 
bulk  container  holding  more  than  1  liter  and  from  bulk  containers  of  less 
than  a  liter  capacity  at  least  3  ml  shall  be  planted  in  one  or  more  tubes 
holding  sufficient  culture  medium  so  that  preservative  present  in  the 
biologic  will  no  longer  exert  its  biologic  effect. 

1.  2  ml  in  each  of  2  bottles  contiining  100  ml  thioglycollate 
medium,  or: 

2.  10  ml  in  bottle  containing  500  ml  thioglycollate  medium 

b.  Safety  test. 

1.  Guinea  Pigs:  Inject  each  of  2  pigs  with  5  ml  I.P. 

c.  Antigenicity  Test 

1.  Using  20  white  rats  of  150-200  gins,  inject  each  rat  sub¬ 
cutaneously  with  0.5  ml  vaccine  every  other  day  for  3  doses. 
Challenge  subcutaneously  14-21  days  after  the  last  dose  with 
1  ml  of  a  10~^  dilution  of  virulent  "UL"  culture.  20 
control  animals  should  be  challenged  at  the  same  time.  The 
dilution  is  made  from  a  24  hour  saline  suspension  giving 
40$  transmission  on  the  Coleman  Spectrophotometer.  The 
criterion  for  minimal  potency  is  still  in  the  experimental 
stage  but  if  the  vaccine  is  to  be  used  for  human  immunization 
not  less  than  80$  of  the  vaccinated  animals  should  survive. 

d.  Complement  fixation  Test-  Highest  dilution  of  vaccine  which  fixes 
complement  in  the  presence  of  human  convalescent  serum.  Minimum  standards 
not  yet  determined. 

3.  Filling,  of  Final  Containers: 

t 

As  far  as  practicable,  bottles  used  for  bulk  storage  of  a  completely 
processed  product  shall  be  of  such  capacity  that  the  entire  contents  will  be 
used  up  at  a  single  filling. 

The  filling  room  shall  be  exclusively  used  for  the  intended  purpose 
during  the  filling  process.  The  room  should  be  provided  with  a  filling 
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cabinet  having  a  sloping  glass  front  extending  approximately  one-half  way 
down  from  the  top  with  an  open  space  below  for  the  operators  arms,  and, 
in  addition  openings  for  filling  apparatus;  well  lighted  and  equipped  with  a 
bunsen  burner. 

4.  after  bottling  -  Specific  Tests  on  Final  Container 

a.  Sterility  tests  -  Of  the  final  containers  selected  at  random 
from  each  fillecf  lot,  3-10  shall  be  tested  in  accordance  vdth  the  following 
schedule. 


Total  No. 

No.  Containers 

Containers 

to  be 

in  lot 

tested 

100  or  less 

3 

101-150 

4 

151-200 

5 

201-250 

6 

251-300 

7 

301-350 

8 

351-400 

9 

Over  400 

10 

Procedure: 


1.  Fluid  thioglycollate  medium:  Add  2  ml  of  vaccine  to  100 
ml  thioglycollate  medium. 

2.  DCBa  slants:  Inoculate  0.2  ml  on  each  of  6  DCBA  (Dextrose 
Cysteine  Blood  Agar)  slants.  Incubate  for  7  days  and 
observe  on  the  2nd,  4th,  and  7th  day, 

b.  Safety  Test  -  Use  1  container  from  each  lot. 

1.  Guinea  pigs:  Inject  each  of  2  pigs  with  5  ml  I.p. 

c.  Identification  Tests:  Use  either  complement  fixation  or  slide 
agglutination. 


5.  Labeling  Final  Containers 

a.  Gummed  Labels  are  used  with  the  follovdng  information  contained 

thereon: 

Proper  name  of  product 
Lfct  No. 

Bottled:  (date) 

Expires:  (date  if  known) 

Made  by  (Name  or  initials) 
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6.  Storage; 

a.  A  total  of  200  ml  from  each  lot  to  be  divided  among  3  locations: 

1.  Ice  box 

2.  Room  temperature 

3.  Incubator 

b.  The  remaining  quantity  of  each  lot  shall  be  stored  in  the  ice 


7,  References: 

(98)  U.S.  Public  Health  Reports,  Misc.Pub.f/10,  L,  Oct.  1940 

(99)  Memorandum  of  Details,  Revised  26  Jan  1942,  N.  I.  H. 

(100)  U.S.  Public  Health  Service,  Decision  #9  Under  Section 

63  of  the  Regulations  for  the  Sale  of  Viruses,  Sernas,  Toxins, 
nri  ina.1  nt'ous  Products  (Revised)'  25  January  1943. 


(101)  B-675  Interpretation  of  Regulations,  N.I.H.  23  November  1934. 

(102)  Workman,  Conference  at  N.I.H.  15  December  1943. 

(103)  Hudson,  N.P.  per  com. 
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SUBJECT  INDEX  OF 

MONTHLY  REPORTS  OF  "UL"  PROJECT  AT  CAMP  DETRICK 
FROM  NOV.  1943  THROUGH  JULY  1945. 


SUBJECT 


REPORT 

OF 


AGGLUTINATION. 

Agglutinins,  production  of  ... 
Agglutination  tests,  methods... 

Animal  Serum. 

Dogs,  recovered... 

Guinea  pigs ... 

Mice,  vaccinated  and  challenged... 
Monkeys,  vaccinated  and  challenged, . . 
Rabbits. .. . 

,  vaccinated 

,  vaccinated  with  acetone 
extracted  vaccine... 

Rats,  recovered  white... 

,  recovered  white... 

,  recovered  white. . . 

,  vaccinated,  recovered  white... 
Human  Serum 

Cross-Agg.  with  "US"... 

Following  vaccination  with  Foshay's 
vaccine. . . 


Feb.  '44 
Apr.  *45 

June  '44 
Feb.  *44 
June  '45 
July  ’45 
Feb.  ’44 
May  '44 

Sept  '44 
Apr.  '44 
May  '44 
June  '44 
June  '44 

Jan  '44 

Jan  '44 
Feb.  '44 
June  '44 
Sept  '44 


uNTIGEN 

Comparison  of... for  Agg.  Tests...  fob.  '44 

Electrophoresis  of  "UL"  Fractions...  May  '45 

Fractionation...  ^ay 

Sonic  Disintegration. . .  May  *  45 

Spectrophotometry...  May  '45 

CLOUD  CHAMBER  STUDIES 

Apparatus  used...  nug.'44 

Infection  of  Guinea  Pigs  Exposed  to 

"UL"  Clouds...  Dec. '44 

Inf ectivityfor  Mice  and  Rats  of  nebulized 

"UL"...  July' 44 

Stability  of  "UL"  Aerosols...  Dec. '44 

Suspending  media  for  cultures  to  be 

nebulized...  July' 44 

DECONTAMINATION  Apr. '44 

May  '44 
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PAGE 

NO. 


6 

54-58 

2 

8 

24-26 

34 

7-8 

5 

21 

2 

2 

3 

3 

4-5 

4 

Tables 

5 

24 


4-Tables 

65 

62 

63-64 

67 


19;-22 

76;  80 

4-5 

76 

5 

9 

6 
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REPORT 

OF 


DETECTION 

Contaminants.  s 

Elimination  by  filtration... 

Inhibition  by  penicillin... 

Imping ers,  bubble  and  cotton... 
Intraperitoneal  injection  of  Mice. 

Followed  by  culture  &  precipitin  tests... 
...by  culture  &  slide  agg.  tests... 

...by  culture  &  slide  agg. tests  with 
penicillin  added  to  soil  samples,, , 
Isolation  by  Guinea  Pig  &  Rabbit 
inoculation. .. 

Plating  method. . . 

Skin  test  in  Guinea  Pigs... 

Statistical  comparison  of  technics... 


May  '44 
Mar. ' 44 
May  ’44 

Aug . 1 44 
Oct. '44 


Dec. '44 


May  '44 
May  '44 
May  '44 
July' 45 


EGGS,  "UL"  IN 

Avirulent  organisms 

Membrane  inoculation. . . 

Yolk  Sac  inoculation 
Chick  Embryo 

Growth  of  "UL"  in  living  and  dead 
embryos, . . 

Susceptibility  of . . . 

Virulence  titrations*,. 
Maintenance  of  virulence... 


Survival  of  "UL"  in. .  • 


Lyophilized  infected  egg  material, , . 


In  stored  eggs. . . 
Vaccines,  production  of... 


Virulent  Organisms. 

Membrane  and  Yolk  Sac  inoculation, .« 


Dec.' 43 
Jan, '44 
Jan. ' 44 


Feb. '45 
Apr. '44 
Apr. '45 
May  '44 
June ' 44 
July '44 
Apr. '44 
May  '44 
June'/;  4 
July '44 
Aug  '44 
Sept '44 
Sept' 44 
Jan. '44 
Feb. '44 
Mar. '44 
Apr. '44 

Jan. '44 
Feb. '44 


PAGE 

NO. 


7 

9 

6 

14}  18 
11 

80-82 

7 

7 

6 

34-39 


3 

6 

6 


19-21 

3 

44-48 

5 

4-5 

4 

4- 5 

5 
4 

3 

19 

22 

22 

8 

6 

5- 7 

4 

8 

6 


IMMUNITY 

Chick  embryo  and  Mice.., 
Dogs , . . 

Man.. . 

Monkeys... 

Uhite  Rats,., 


Apr. '44 

3-4 

May  '44 

4 

June '44 

2 

June '44 

5-6 

July’  44 

34 

May  '44 

3-4 
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IMMUNIZATION 

Guinea  pigs,  rabbits  &  white  rats,..  Egg 
vaccines,, * 

Human  personnel... 

Mice  and  rabbits... 

Mice,  ultra-violet  attenuated  vaccine... 

Mice,  comparison  of  vaccines  and  immunity,,. 

,  immunity. . . 

Monkeys,  acetone  extracted  vaccine... 

Rabbits,  with  avirulent  strains... 

,  with  virulent  &  avirulent  strains... 
*  ’ 

,egg  vaccines... 

,  acetone  extracted  vaccines... 

White  Rats,.. 

,  Foshay's  vaccine  in... 

,  chloroform-killed  culture  in... 

,  young  broth  culture  in... 

,  egg  vaccines  (chloroform  killed  and 
ultraviolet  attenuated ) . . . 

,  acetone  extracted  vaccines... 

,  alum  precipitated  vaccines... 
Vaccines,  Comparison  of... 


apr.  '44 
May  ' 44 
Apr.  1 44 
Mar,  ' 44 
July  r44 
July  '45 
June  '45 
July  '45 
Dec.  '43 
Jan.  '44 
Feb.  '44 
June  '44 
Sept. '44 
Apr,  '44 
June  '44 
July  '44 
June  '44 
July  '44 

July  '44 
Aug.  '44 
Aug.  '44 
Oct.  '44 


INFECTION,  Route  of: 
Cutaneous. . • 


Intraocular. . . 
Intra vaginal. . . 


Mar.  '44 
May  '44 
July  '44 
Aug.  '44 
J^ug.  '44 


MEDIA 

Comparative  studies  and  conclusions... 
Comparison  of  growth. .Bacto-  and  Baker's 
peptone,. . 

Dextrose  Cystine  Blood  Agar... 

V/ith  and  without  CO2.'. . 

Poured  plates... 

Enrichment  variations. . . 

Effect  of  heat... 

Comparison  with  D  Cysteine  BA... 

DCBA  with  crystal  violet... 

Plate  counts  in  field... 

Snyder's  Liquid  peptone  media... 


Oct.  '44 

May  1 45 
Jan.  '44 
Jan.  '44 
Jan.  '44 
Jan.  '44 
Feb.  '44 
Feb.  '44 
Mar.  '44 
Apr.  '44 
June  '44 
May  ' 44 
Apr.  '44 


PATHOLOGY 
Dogs , . . 
Monkeys. . . 


May  '44 
Apr.  '45 
July  '45 
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5 
9 
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3 

21-24 

25-26 

29 

2 

6 
7 

4 
21 
2 
4 
2 
4 
2 

2-3 

14 

14 

15 


3 

3 

3 

18 

19 


10 

62 

2 

2 

2 

3-4 

2-3 

3 

2 

1 

2 

2;7 

1 


4 

52-53 

30-34 
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Rats,... 

Skin  lesions  in  untreated  and  Strepto- 
thricin  treated  mice,.. 

PASSIVE  PROTECTION 
Immune  Rat  Serum. . . 

Treatment  of  Rats,  with  immune  human, 
rabbit,  rat  and  horse  serum... 

,with  immune  rat  serum. . . 

,with  immune  rat  spleen  extract... 

PHYSIOLOGY 

Mode  of  death  from  "UL".. . 

Pathology. .. 

Toxins... 

PRECIPITIN  TESTS 

Peritoneal  fluid  from  infected  mice,,. 

QUANTITATIVE  ESTIMATION  OF  ORGANISMS 
Fildes  drop  method... 

Plate  counts... 

SENSITIVITY 

Acetone  extracted  vaccine  as  skin  test 
antigen  in  hypersensitive  persons.,. 
Foreign  protein  in  egg  vaccines... 

Skin  Test  Antigen 

Preparation  of... 

Use  of... 

On  immune  dogs  &  rats... 

On  immune  and  normal  rats... 

SURVIVAL  OF  "UL" 

Frozen  and  lyophilized. . . 

In  eggs  (See  EGGS), 

In  various  carriers... 

SUSCEPTIBILITY 

Of  2  week-old  chicks... 

Of  chick  embryos  and  mice... 

Of  dogs . . . 

Of  Monkeys. . . 

Of  cotton  rats... 

Of  white  rats... 

Comparison  of  Sub-cut,  and  Intra- 
poritoneal  administration  of  vaccines... 
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May  ’44 

3 

July  '44 

16 

Apr.  '44 

3 

Sept. '44 

Oct.  '44 

Oct.  '44 

22;  24 
14 
14 

Feb.  '45 

Feb.  '45 

Feb.  '45 

22 

22-23 

21 

aug.  '44 

18 

Dec.  '43 

Jan.  '44 

3 

2 

Aug. 

'44 

14 

Apr. 

'44 

5-6 

Apr. 

'44 

1 

July 

'44 

1 

May 

•44 

8 

July 

'44 

3 

Aug. 

'44 

14 

Sept 

'44 

21-22 

Aug . 

'44 

19 

June 

'44 

3 

Apr. 

'44 

3-4 

May 

'44 

4 

Apr. 

'45 

50 

July 

'45 

30 

June 

'44 

3 

May 

'44 

3-4 

Oct , 

'44 

14 
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SUBJECT 

THERAPY 

Chemotherapy. 

In  vitro  Inhibition  of  "UL"  Growth... 
Penicillin. . . 

Sulfonamides, . . 

Bacterial  contaminants. .. 

(antibiotic) 

Crystal  violet... 

Streptothricin,. , 

Streptomycin, . . 

In  vivo  Experiments. 

Streptothricin. . . 


Streptomycin.. . 


Summary  of  work  done... 
Convalescent  human  serum... 
Prophylactic. 

Ointments ... 

T.  D.F.  (Tissue  Damaging  Factor)... 

TISSUE  CULTURE  STUDIES... 

TRANSMISSION 

Louse  to  mouse... 

VACCINES. 

Acetone  extracted... 

Administration  of , . . 

Intraderrnally. . . 

Sub-cutaneously. . . 


Intravenously. . . 

Compa  rison  of  Sub-cut.  and  Intra- 
peritoneal. . . 

Alum  precipitated... 

Comparison  of  vaccines  in  mice... 
Effect  of  strain,  temperature  and  type 
of  media  on. . . 

Effect  of  age  of  culture... 

Egg  Vaccines... 

Chloroform  added... 

Crude  formolized, . , 

Ether  extracted... 

Formolized  Cultures... 
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liar. 

'44 

9 

Apr. 

'44 

10 

Apr. 

»44 

9-10 

May  V 

44 

8 

June 

'44 

2 

June 

*44 

5 

July 

*44 

5-13 

Sept. 

'44 

50-56 

June 

'44 

5 

July 

'44 

8; 14-16 

Aug. 

'44 

18 

Sept. 

'44 

24-26; 29-45 

Sept, 

'44 

57-68 

Nov. 

•44 

16 

Dec, 

'44 

82-85 

Oct. 

'44 

15-16 

June 

'44 

6 

Mar. 

'44 

4 

Apr. 

'44 

6 

Sept. 

,'44 

22 

Mar. 

'44 

4 

Aug. 

'44 

14 

Feb. 

'44 

7 

Feb. 

'44 

8 

May 

'44 

5 

Sept, 

.'44 

21 

Sept 

.’44 

21 

Oct. 

'44 

14 

Aug. 

'44 

14 

June 

'45 

21-24 

May 

'45 

59-60 

May 

'45 

60-61 

Mar. 

'44 

5 

Mar. 

'44 

5 

K-'.r. 

'44 

4 

Feb. 

'44 

7 

SUBJECt 

Preparation  of. 

"Fluids"  vaccine*.. 

Foshay's  vaccine... 

Killed  A virulent (NIH-38 ) . . . 
For  Aabb.it  immunization. . . 
Membrane. . . 

Yolk  Sac... 

Spleen- Vaccines . 

In  rabbits  and  guinia  pigs,.. 
# 

VACCINATION-HUMAN 
Foshay' s  Vaccine. . . 


VIABILITY. 

Growth  curves , . . 

VIRULENCE 

In  Chick  Eggs... 

In  Duck  Eggs... 

Duck  and  Chick  Eggs  compared, . . 
In  Guinea  Pigs... 

In  Hamsters. . . 

In  Mice... 

In  Monkeys . . . 

In  Rabbits... 

In  White  Rats... 

Maintenance  of: 

;  Synthetic  media... 

In  Eggs... 


In  Horse  Serum... 

Carious  Strains 

Chr... 

NIH-38... 

Schu, . . 

26, , . 

Comparative  virulence  of  17 
for  enbryonated  eggs . . . 
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Jan.  '44 

7 

Nov.  1 44 

15 

Dec.  '43 

2 

Dec.  '43 

2 

Jan.  '44 

7 

Jan.  '44 

7 

Apr.  '44 

5 

Jan.  '44 

4 

Apr.  '44 

9 

June  '44 

5-6 

Dec.  '44 

85-90 

Apr.  '45 

44-68 

Apr.  '45 

49 

apr.  '45 

49 

Feb.  '44 

5 

Feb.  '44 

5 

Jan.  '44 

5 

Feb.  '44 

5 

Apr.  '45 

50 

Feb.  '44 

5 

Feb.  '44 

5 

Apr.  '44 

2 

Mar.  '44 

3 

Apr.  ' 44 

1-2 

May  '44 

5 

June  '44 

4-5 

July  '44 

4 

July  '44 

4 

Feb .  ' 44 

5 

Feb.  '44 

5 

Frb.  '44 

5 

Sept. '44 

21 

strains 

Apr.  '45 

• 
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